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PREFACE. 


iThe  chief  design  of  tliis  manual  is  to  meet  the  require- 
ineuts  of  pupils  preparing  for  the  first-stage  examina- 
iions  of  the  Science  and  Art  Department  in  Animal 
^'hysiology ;  consequently  due  regard  has  been  paid  to 
•he  syllabus  of  the  Department. 

In  an  elementary  work  on  Physiology  much  space  is 
iiiecessarily  occupied  by  anatomical  descriptions.  The 
ourse  adopted  in  the  following  pages  is  to  describe 
aach  part  fully  before  referring  to  its  uses. 
A  simple  sketch  of  Human  Anatomy  and  Physiology 
given  in  Chapters  I.  and  II.,  which  will  serve  as  an 
Lusy  introduction  for  beginners.    Afterwards  the  yai'ioiis 
;\arts  are  treated  of  separately  and  in  detail ;  this 
Drtion,  although  intended  more  especially  for  junior 
mpils,  will,  it  is  believed,  be  found  serviceable  to  more 
divanced  students. 

The  importance  to  the  student  of  having  practical 
:!quaintauce  with  the  objects  studied,  has  been  fully 
:ocognised  throughout  the  work.  And  an  endeavour 
made  to  smooth  the  difficulties  which  beginners 
luually  experience  in  this  direction,  by  giving  such 
>structions  as  will  enable  the  pupil  from  the  outset  to 
Ggin  working  for  himself. 

The  final  chapter  is  devoted  to  Practical  Histology, 
1  the  body  of  the  work  the  minute  structure  of  many 
.:gans  is  described ;  but  as  the  preparation  of  the  various 
rrts  for  examination  with  the  microscope  requires 
:insidcrable  skill,  it  has  been  thought  advisable  to 
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defer  giving  instruction  in  this  brancli  until  the  student 
has  acquired  some  proficiency  in  ordinary  dissection. 

The  practical  work  required  of  the  pupil  is  graduated^ 
commencing  with  the  simplest  operations,  and  termi- 
nating with  such  as  require  more  skill  and  knowledge 
on  th  e  part  of  the  operator. 

For  much  of  the  matter  of  the  work,  the  anthor 
desires  to  acknowledge  his  indebtedness  to  the  writiug.s 
and  lectures  of  Professor  Huxley ;  and  also  to  the 
■woi-ks  of  Carpenter,  Foster,  Kirke,  Kolhker,  Klein, 
Marshall,  Quaiu,  Rutherford,  Sanderson,  etc. 

The  sources  whence  most  of  the  illustrations  have 
been  taken,  is  acknowledged  in  the  text ;  the  originals 
of  others  will  be  found  in  the  works  of  Bourgery  and 
Jacob,  Kiernau,  Marshall,  Quain,  and  Sappcy.  They 
number  nearly  one  hundred,  and  have  been  drawn  for 
the  most  part  by  Mrs.  S,  B.  J.  Skertchly,  to  whom  the 
author  desires  to  tender  his  best  thanks;  as  also  to 
Mr.  C.  Irons  for  the  care  he  has  bestowed  upon  the 
wood-engraving.  E.  T.  N. 

August,  1875. 


SECOND  EDITION. 

The  rapid  sale  of  the  First  Edition  affords  an  early 
opportuuity  of  correcting  a  few  trifling  errors,  and  of 
making  sundry  improvements  in  the  text.  The  author, 
also  seizes  the  occasion  for  strongly  recommending 
pupils  to  make  drawings  of  all  their  dissections,  and  of 
the  various  histological  structures  exhibited  by  the 
tissues  under  the  microscope.  E.  T.  N. 

November,  1875. 
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ANIMAL 

PHYSIOLOGY, 


INTRODUCTIOK 

Animal  Physiology  is  tliat  branch,  of  Biology,  or  iho 
Science  of  Life,  Tvliicli  treats  of  tbe  ttses  of  tlie  various 
parts  or  organs  of  Animal  Bodies.  Anatomy  is  another 
branch,  which  deals  specially  with  the  construction  and 
arrangement  of  the  different  organs.  The  study  of  those 
more  delicate  structures  of  the  organs  which  require 
the  aid  of  the  microscope  for  their  examination,  is 
termed  Histology. 

As  it  is  impossible  properly  to  understand  the  uses  of 
the  different  parts,  without  a  knowledge  of  their  struc- 
ture and  arrangement,  it  becomes  necessary  to  some 
extent  to  study  Anatomy  before  or  together  with. 
Physiology.  And  as  it  is  of  the  greatest  importance  to 
have  a  knowledge  of  the  structure  of  the  Human  Body ; 
while  at  the  same  time  more  is  known  about  it  than 
about  the  bodies  of  any  of  the  lower  animals,  it  has  been 
deemed  advisable  to  devote  the  first  chapter  to  a  general 
view  of  Human  Anatomy. 

In  a  work  like  the  present,  technical  terms  cannot  be 
avoided,  and  some  are  so  frequently  used  that  it  will 
be  well  to  explain  their  meaning  at  the  outset. 

Any  portion  of  the  body  set  apart  for  a  special  use 
is  termed  an  organ,  and  the  office  which  it  subserves  is 
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called  its  function ;  tlius,  tlie  fanction  of  tlie  organ  called 
the  eye  is  siglit. 

Living  bodies  are  termed  organisms,  because  they  all 
possess  organs  of  greater  or  less  complexity. 

Substances  wliich  are  solely  derived  from  organisms 
are  termed  organic,  such  as  bone,  hair,  fat,  gelatin,  etc. ; 
while  substances  obtainable  from  other  sources  are  called 
inorganic  ;  for  example,  lime,  salt,  etc. 

The  manner  in  which  any.  part  is  built  up  is  commonly 
spoken  of  as  its  strtictiire,  and  the  entire  part  is  fre- 
quently called  a  stnicture :  for  instance,  an  organ  may 
be  described  as  a  simple  or  complex  structure ;  or  wo 
may  say  that  its  structure  or  construction  is  simple  or 
complex. 

The  elementary  structures  of  which  any  organ  is  com- 
posed are  called  tisnues :  for  examjple,  we  speak  of  bony 
or  osseous  tissue,  of  muscidar  tissue  and  of  nerve  tissice ; 
a  delicate  membranous  substance,  which  is  found  very 
constantly  throughout  the  body,  and  serves  to  bind  the 
parts  together,  is  termed  connective  tissue. 

Many  tissues  consist  of  a  great  number  of  minute 
rounded  particles,  termed  cells  (p.  158),  and  are  hence 
called  celhdar  tissiies ;  the  epidermis  or  outer  layer  of 
the  skin,  is  a  good  example  of  this  kind  of  tissue. 


CHAPTER  I. 


HUMAN  ANATOMY. 

General  Structure  of  the  Body.  A  glance  at  tlio 
human  body  shows  that  it  consists  of  a  number  of  dis- 
tinct parts,  as  the  head,  the  trunlc,  the  upper  limbs,  or 
arms,  and  the  lower  limbs,  or  legs.  Each  of  these  parts 
is  as  distinctly  separable  into  other  portions. 

Thus  the  liead  comprises  the  face  and  the  cranium, 
or  brain-case.  The  face  is  made  up  of  the  parts  com- 
monly called /eftteres;  viz.,  the  eyes,  nose,  mouth,  etc. 

The  trunk  is  divided  into  an  upper  portion  called  the 
chest,  or  thorax,  and  a  lower  named  the  belly,  or  ahdomen. 

Each  arm  consists  of  upper  arm,  loiuer  arm,  hand,  and 
fingers ;  and  each  leg  of  thigh,  leg  proper,  foot,  and  toes. 

The  body  is  completely  ensheathed  in  a  tough  cover- 
ing called  the  shin,  which  is  provided  with  hairs  over 
almost  the  whole  of  its  surface,  those  upon  the  head  and 
face  being  the  most  obvious.  At  the  various  apertures 
of  the  body,  such  as  the  mouth,  nose,  etc.,  the  skin  seems 
to  stop  and  be  replaced  by  a  much  more  delicate  struc- 
ture, which,  on  account  of  its  continually  giving  out  a 
viscid  fluid  called  mucus,  is  known  as  mucous  memhrane. 
The  mucous  membrane  is  a  continuation  of  the  skin, 
and  lines  all  cavities  of  the  body  opening  externally. 

When  the  skin  is  removed,  the  mxiscles,  which  are  the 
chief  (p.  145)  organs  of  motion,  come  into  view.  They 
form  the  greater  part  of  the  fleshy  portions  of  the 
body,  and  consist  of  red  fleshy  masses  or  bundles  of 
various  shapes,  which  possess  the  power  of  contracting, 
under  certain  influences.  Each  muscle  is  covered  by  a 
membranous  sheath  composed  of  connective  tissue  (p.  2), 
which,  in  many  muscles,  becomes  thicker  towards  the 
ends,  forming  the  strong  cords,  or  tendons,  by  which 
these  muscles  are  attached  to  the  bones  or  other  parts.* 


*  For  further  account  of  muscles  see  pp.  147,  149,  etc. 


F,o  2  Bo.,y  with  the  slcln  romorcd  an.l.mrUy  ^-'f.f/.^^^^^Z 'v.o^^T^o'^rmZTe 
ncil  n^sc-.es  have  been  reniovea  from  ^'^'l,"' ,^be  *™  ^.^^^'^^^-^J,,;  ,„ove  the  hayd 

<,f  the  lo-erurm  ;  l>.  triceps  or  exteiuoi-  "t"'^'""^'  "  "  to  t he  fi hsers  ;  <i.  pectoral :  <•.  tl.e 

IS^—l^ot  Vl^ir ;S'«;^.=  ^.IJu  .novo  the  ,oe.. 
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The  Skeleton,  or  Internal  Support  of  the  Body. 

The  body  is  supported  by  a  strong  and  firm  but  mobile 
framework  called  the  skeleton,  composed  of  a  considerable 
number  of  hones  and  cartilages  (p.  162). 

The  skeleton  not  only  gives  sup- 
port to  the  other  portions  of  the 
body,  but  some  of  its  parts  act  as 
rigid  bars  or  levers,  "which  are  set 
in  motion  by  the  contractions  of  the 
muscles.  Other  parts  serve  as  a 
protection  to  the  more  delicate 
organs. 

A  front  view  of  the  skeleton  is 
given  in  fig.  1.  It  is  divisible,  like 
the  body  generally,  into  trunk, 
head,  and  limbs.  Each  of  these 
parts  will  now  be  considered  sepa- 
rately. 

Bones  of  the  Trunk.  The  bones 

of  the  trunk  are  the  vertebra,  ribs, 

sternum,  pelvis,  scapulae,  etc. 

The  vertebrce.  The  chain  of  bones 

known  as  the  vertebral  column,  or 

backbone  (fig.  3),  forms  the  prin- 
cipal support  of  the  trunk.    It  is 

composed  in  infancy  of  33  seg- 
ments, or   vertebrae;    certain  of 

which  become  firmly  united  as  life 

advances,   so    that    the  number 

of  separate   bones  in  an  adult  is 

less  than  in  a  young  child.  The 

first  seven  vertebrae,  counting  from 

the  top,  are  called  cervical ;  then 

follow  the  twelve  thoracic  vertebrae, 

to  which  the  ribs  are  attached ;  next 
(Come  the  five  lumbar  vertebrse;  fol- 
1  lowing  these,  come  five  vertebraa, 
'which,  at  an  early  period  of  life 
i  become  united,  and  form  one  bone,  which  is  termed  the 
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sacnim.  The  last  four  frequently  unite,  and  form  -sN-liat 
is  called  the  coccyx. 

With  the  exception  of  the  first  cervical  and  those 
forming  the  coccyx,  each  vertebra  consists  of  a  body,  or 
centrum  (fig.  4,  a)  surmounted  by  an  arch,  termed  the 
neural  arch,  the  upper  part  of  -which  is  elongated  to 
form  the  neural  spine.  On  each  side  of  the  vertebra 
there  is  a  projection  called  a  transverse  process. 

The  bodies  of  the  ver- 
tebi-a3  are  held  together, 
and  at  the  same  time 
separated  from  each 
other,  by  a  fibrous  kind 
of  cartilage  (p,  162), 
which  is  suSiciently 
clastic  to  admit  of  a  cer- 
tain amount  of  move- 
ment in  the  vertebral 
column. 

The  neural  canal  is 
shown  in  section,  to- 
gether with  the  bodies 
of  the  vertebree,  in  fig.  5. 

The  Bihs.  Each  tho- 
racic vertebra  has  two 
ribs  attached  to  it,  one 
on  each  side  ;  and  as 
there  are  twelve  thoracic 
vertebrse  there  are  con- 
sequently twenty-four 
ribs,  twelve  on  each  side. 
The  ribs  lie  in  the  walls  of  the  thorax,  and  serve  as 
a  protection  to  the  important  organs  which  it  contauis. 

The  Sternum.  In  the  front  of  the  thorax  is  a  bone 
called  the  sternum  (tig.  1),  to  which  the  upper  ten  ribs 
are  attached  by  what  are  termed  the  costal  cartilages. 
The  last  two  ribs  are  not  connected  with  the  sternum, 
and  are  termed  Jloaiing  ribs. 

The  Pelvis.     Attached  to  the  sacrum  upon  each 


Fra.  -i  A,  0,  cei*vical ;  B,  a  thoracic ;  C,  a  lumbar 
vtirtebrn.  ;  Been  from  above  in  the  left  ligures  aud 
from  the  side  iu  the  rigiit  figures ;  a,  centrum  ;  0, 
neural  canal :  c,  neural  si)iue  ;  d,  transverse  process ; 
c,  surface  which  articulates  with  tlie  next  vertebra ; 
/,  surface  for  articulation  with  rib.  iMarshall.) 
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side  Is  a  bone  of  irregular  forra  termed  the  os  innomi- 
nalum  (fig.  6).    It  consists  of  ttu-ee  portions,  which  in 

a 


through  ;  c.  tongue ;  /,  larynx  ;  g,  mso-  Fio.  7.  Eight  scapula,  outer  or  posterior 
phagus  ;  h,  steruum ;  »,  heart ;  ft,  liver,  surface  (one-sixth  natural  size) :  a,  glenoid 
directly  above  which  is  the  diaphragm  ;  cavity,  which  articulates  with  humerus;  b, 
I,  stomach ;  m,  rectum  ;  the  intestines  spine  or  crest,  ending  in  the  acromion  pro- 
are  simply  indicated  by  a  few  dotted  cess,  c  ;  the  coracoid  process,  ri.  is  in  this  \-iew 
lines ;  n,  the  kidney  ;  o,  pelvic  bone.  partly  hidden  by  the  acromion. 

infancy  are  three  separate  bones.  The  upper  portion 
is  termed  the  ilium,  the  lower  and  hinder  the  ischium, 
and  the  lower  and  front,  the  jouhis.  These  three  bones 
meet  in  the  centre  of  the  os  innominatum,  and  form  a 
deep  cap,  termed  the  acetabulum,  into  which  the  head 
of  the  thighbone  fits.  The  two  pubes  meet  in  the 
middle  line  in  front.  The  two  ossa  innominata,  with 
the  sacrum  and  the  coccyx,  form  the  jJcZy/s. 
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The  Scapulce,  etc.  Upon  each  side  of  the  upper  and 
back  part  of  the  tliorax  there  is  a  bone  termed  the  scapula, 
or  bladebone  (Bg.  7).  Its  shape  is  that  of  an  ii-regular 
triangle,  the  base  of  -which  is  turned  towards  the  spinal 
column ;  the  opposite  angle,  directed  upwards  and  out- 
wards, becomes  enlarged  so  as  to  form  a  cup-like 
depression  called  the  glenoid  cavity,  to  which  the  bone 
of  the  upper  arm  is  attached.  Ujoon  the  outer  surface 
of  the  scapula  there  is  a  crest  or  spine,  which  extends 
across  its  upper  part,  and  projects  over  the  glenoid 
cavity,  where  it  forms  the  acromion  ijrocess.  From  this 
process  a  bone  called  the  clavicle,  or  collar-bone,  extends 
to  the  upper  part  of  the  sternum,  to  which  it  is  firmly 
attached.  Tho  scajjulce  are  kept  in  position  chiefly  by 
muscles. 

The  Skidl,  or  Bones  of  the  Head.  The  bones  of 
the  head  are  generally  separated  into  two  main  divi- 
sions (1)  those  of  the  cranium,  (2)  those  of  the /ace. 

In  a  very  young  child  the  slcull  consists  of  a  great 
number  of  separate  bones ;  but  as  life  advances  these 
become  more  and  more  united.  It  is  generally  stated 
that  in  the  skull  of  an  adult  there  are  twenty-two 
separate  bones,  of  which  eight  form  the  cranizim,  and 
fourteen  the  face. 

1.  Bones  of  the  Cranium.  The  cranium,  that  part  of 
the  skull  which  contains  the  brain,  consists  of  the  fol- 
lowing bones :  (a)  the  frontal  bone  which  forms  the 
forehead  (fig.  8,  i). 

(h)  Behind  the  frontal  are  the  two  pariefals,  which 
form  part  of  the  upper  and  side  walls  of  the  brain 
cavity. 

(c)  Then  follows  the  occipital  bone  upon  the  back  of 
the  head,  which  passes  to  the  under  surface,  and  is  here 
pierced  by  a  large  aperture,  termed  foramen  mag- 
num, thi'ough  which  the  spinal  cord  passes  to  the  braiu. 

(d)  The  sphenoid  hone  situated  upon  the  under  side 
of  the  cranium,  joins  the  occipital,  and  has  its  winglike 
sides  united  to  the  frontal  and  parietals. 

(e)  The  ethmoid  bone,  which  is  in  front  of  the  sphenoid, 
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separates  the  cranial  cavity  from  the  chamhers  of  the 
nose  ;  this  bone  also  sends  clown  a  perpendicular  plate 
between  the  two  nasal  chambers. 

(/)  Upon  each  side  of  the  skull  is  the  bone  known 
as  the  squamosal  or  temporal  lorn,  which  contains  tlie 
organ  of  hearing. 

2.  Bones  of  the  Face.  The  fourteen  bones  usually 
reckoned  as  belonging  to  the  face  are  as  follows  : — 


Fio.  8.  Longitudiu.ll  section  of  tlie  skull,  ft  liUle  to  the  left  of  tlie  middle  line.  View  of 
the  interior  :  1,  frout;il  bone  ;  2,  parietal ;  3,  occipital ;  4  and  5,  anterior  and  posterior  borders 
of  the  for.imeu  magnum  ;  6,  right  occiiJital  condyle,  which  articulates  with  the  first  vertebra 
of  the  neck  ;  7,  portion  of  occipital  which  is  continuous  in  front  with  the  hollow  sphenoid  ; 
8,  perpendicular  plate  of  ethmoid  ;  9,  squamosal  portion  of  temporal  bone ;  10,  its  petrous 
portion,  just  above  this  number  is  the  passage  for  tlie  auditory  uerv'e ;  11,  nasal  bone;  12, 
superior  maxillary  ;  33,  palatine ;  14.  vomer  :  10,  inferior  turbinal :  16,  styloid  process  of  the 
temporal,  to  which  the  hyoid  is  attached  ;  17,  sella  turcica,  which  lodges  the  pituitary  body  of 
the  brain  ;  IS,  lower  jaw.  (Quatn.) 

(a.)  Two  nasal  bones  forming  the  upper  part  of  the 
nose. 

(6)  Two  superior  maxillaries  bearing  the  teeth  of  the 
Tipper  jaw,  and,  meeting  in  the  middle  line,  form  the 
front  part  of  the  roof  of  the  mouth. 

(c)  Upon  each  side  is  the  malar  or  jugal  bone,  ex- 
tending from  the  superior  maxillary  backwards  to  tile 
temporal  bone. 
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(f?)  Attaclied  to  the  inner  and  back  portion  of  the 
superior  maxillaries  are  the  two  jyalatines,  -which  also 
foim  part  of  the  roof  of  the  mouth,  and,  with  the 
maxillaries,  separate  the  mouth  from  the  nasal  chambers. 

(e)  The  vomer,  a  single  bone  -which  runs  from  before 
back-5V'ards,  du'ectly  above  the  line  in  -which  the  two 
superior  maxillaries  meet :  this  bone  is  immediately 

below  the  perpendicular  plate 
of  the  ethnloid,  and  partly 
Beparates  the  t-wo  nasal  cham- 
bers. 

(/)  Upon  the  inner  and 
upper  part  of  each  superior 
maxillary,  and  consequently 
-within  the  nasal  chamber,  is 
a  delicate  scroll-like  bone, 
termed  the  inferior  turhinal. 

(g)  Each  of  the  cavities,  or 
orbits,  in  -which  the  eyes  are 
lodged,  has  upon  its  inner 
,side  a  small  bone,  called  the 
'lachrymal  bone,  pierced  by  a 
canal  -which  opens  below  into 
the  nasal  chamber  (p.  140). 

(h)  The  lower  jaio,  or  hi' 
ferior  maxillary  as  it  is  some- 
times called,  is  commonly  reck- 
oned as  one  bone. 

The  Hyoid.  The/iyo/cZis 
not  usually  reckoned  as  be- 
longing to  the  face ;  it  con- 

F.0.9.  Eight  humerus,  front  View  (about  sists   of  SCVCral  boUCS  which 

one-fifth):  a,  head  for  articulation  with  are  placcd  iu  the  back  part  of 

Bcapula ;  6,  shaft ;  c,  surface  for  articula-  I  .it 

tiou  with  radiiis  and  ubia.  tlic  toug-ue,  and  IS  attached  to 

Fio.  ]0.  Eiglit  i-adius  and  uhia  (about  ■              O  ' 

one-llfth) :  d,  ulna ;  c,  olecranon  process  ;  A  jjl^Q    skull  bv  tWO  COrdS,  Or  It- 

surface  for  articulation  with-  humerus ;  ' 

p,  radius  ;  h,  orbicular  ligament  attached  namCnts. 

to  ulna  and  passing  rouud  upper  part  of  ».             «  mi 

radius ;  f,  chcclv  ligament.    [JIarslmU.)  BOIieS  CI  tllO  Al'Dl.  The 

upper  arm  has  one  bone  called  the  humerus  (fig.  9),  the 
upper  end  of  which  possesses  a  rounded  head,  to  articulate, 


Fig.  10. 
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or  join,  with,  the  glenoid  cavity  of  the  scapula.  The 
lower  end  articulates  with  the  two  bones  of  the  lower 
arm. 

The  lower  arm  possesses  two  bones,  the  radius  and  tdna 
(fig.  10).  These  bones  move,  nob  only  upon  the  end  of  the 
humerus,  but  also  upon  one  another.  The  ulna  projects 
behind  the  humerus,  and  forms  the  elbow.  'Vyiien  the 
arm  hangs  down  and  the  palm  of  the  hand  is  turned 
forwards,  the  ulna  is  upon  the  inner  and  the  radius  upon 
the   outer  side,  the   two  hcg  b  fa  c  d 

being  parallel.  When  the 
back  of  the  hand  is  turned 
forwards,  the  upper  end  of 
the  radius  turns  upon  its 
axis,  while  the  lower  end 
passes  over  the  ulna,  so 
that  they  become  crossed, 
the  thumb  being  carried 
over  with  the  radios. 

When  the  radius  is  pa- 
rallel to  the  ulna,  the  hand' 
is  said  to  be  supine;  but 
when  the  radius  lies  across 
the  ulna,  the  hand  is  said 2 
to  he  prone. 

The  hand  is  divided  into " 
three  parts  :  (a)  the  carjms, 
or  wrist ;  (b)  the  metacar- 
pus,  or  palm ;  and  (c)  the 
digits,  or  fingers.  The  car- 
pus  contains  eight  bones, 
arranged  in  two  rows.  The 
metacarpus  is  composed  of  five  bones,  coiTesponding  to 
the  five  digits.  The  thumb,  or  first  digit,  has  two 
bones,  while  all  the  other  digits  of  the  hand  have  three 
each.    The  bones  of  the  digits  are  termed  j^lialanqes. 

Bones  of  the  Leg.  The  thigh  has  one  bone,  the  femur 
(fig.  12),  the  upper  rounded  head  of  which  fits  into  the 
acetabulum  of  the  os  innominatum.    The  lower  end  of 


Fio.  11.  Bones  of  the  right  hand,  back  view 
{one-third) :  a,  scaphoid  ;  &,  semilunar  ;  c,  cu- 
neiform ;  d,  trapezium ;  c,  tr,apezoid ;  /,  mae- 
wum  ;  [r,  uuciforni ;  h,  pisiform  ;  I.  to  V.  meta- 
carpals ;  1,  2,  3,  phalanges.  (Quain.) 
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the  femur  possesses  two  rounded  surfaces,  termed  the 
inner  and  o^der  condyles. 

The  Icrj  proper  has  two  bones ;  the  iihia  and  the  fibula 
(fig.  13),  which  are  not  movable  upon  one  another.  The 

■ "  upper  end  of  the 
tibia  is  broad,  and 
has  two  depressions 
corresponding  to  the 
two  condyles  of  the 
femur.  The fibulais 
a  slender  bone,  and 
lias  no  share  in  the  for- 
mation of  the  knee-joint. 

The  j)atella,  or  Icnec- 
cci}},  is  a  small  bone  pro- 
tecting the  knee-joint, 
and  is  generally  reck- 
oned as  one  of  the  bones 
of  the  leg. 

The  foot  (fig.  14),  like 
the  hand,  is  divided  into 
three  parts,  termed  in 
this  case  (a)  the  tarsus, 
(6)  metatarsus,  and  (c) 
digits.  The  tarsus  con- 
sists of  seven  bones,  one 
of  which,  the  calcaneum, 
forms  the  heel ;  while  a 
pulley-like  bone,  which 
tits  into  the  socket 
formed  by  the  lower 
ends  of  the  tibia  and 
fibula  is  termed  the 
astragalus.  The  meta- 
tarsus contains  five 
bones ;  and  of  the  five 
digits,  the  first  has 
two  phalanges,  and  the  rest  three  each. 
Modes  of  Artictilation  of  Bones.   The  bones  of  the 


Tig.  13 


Fio.  12.  Right  femur,  froiitvlew  (about  oue-f3fth) : 

a,  head,  which  articulates  with  acetabuluiu  of  pelvis  ; 

b,  shaft :  c.  condyles  for  articulation  with  tibia. 

Fia  13.  Bight  tibia,  fibula,  and  patella  {about 
one-Ufth) :  li.  surface  of  tibia  articulating  with  femur ; 
«,  surface  articulating  with  foot ;  f,  fibula  ;  ff,  patella. 
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^skeleton  are  held  together  in  several  ways.  In  some 
Leases  they  become  firmly  united  by  bony  matter,  as 

the  vertebras   forming  the  sacrum.     In  othei's,  as 

the  sknll,  they  are  united  by 
t toothed  edges  or  simply  over- 
'.lap,  unions  of  this  kind  being 
I  termed  sutures. 

Other  bones  are  united  by 
I  the  interposition  of  cartilage, 

which  is   firmly  attached  to 

both  the  bony  surfaces.  The 

bodies   of   the   vertebrte  sire 

united  in  this  manner,  and  the 

ribs   are   similarly  connected 

with  the  sternum  by  the  intei> 


position  of  the  costal  cartilages, 
When  bones  are  freely  mov- 
able upon  one  another  they 
form  what  are  commonly 
known  as  joints.  In  such  cases 
the  articulating  surfaces  of  the 
bones  are  covered  by  a  thin 
layer  of  smooth  cartilage,  and 
are  kept  in  position  by  strong 
fibrous  bands  called  ligaments, 
which  are  so  arranged  as  to 
keep  the  bones  firmly  together, 
while  allowing  them  to  move 
upon  one  another.  The  various 
kinds  of  joints  will  be  con- 
sidered in  another  place 
(p.  149). 

Contents  of  the  Thorax.  The  general  arrangement 
of  the  organs  in  the  cavities  of  the  body  has  now  to  be 
considered.  When  the  front  wall  of  the  thorax  is  re- 
moved, as  shown  in  the  upper  part  of  fig.  15,  the 
greater  part  of  the  organs  which  it  contains  may  be  seen. 

The  Heart.  (Fig.  30).  This  most  important  organ  is 
placed  nearly  in  the  middle  of  the  thoracic  cavity.  It  is  a 


Fio.  14.  Riglit  foo^  upper  surface 
{one*third}:  a,  asLr.agaluB  ;  6.  calcaneum  ; 
c,  navicular  (or  scaphoid) ;  d,  internal, 
c,  middle,  /,  external  cuiieifonn  ;  g,  cu- 
boid ;  I.  to  v.,  metatarsals;  1,  2,  3, 
phalaiiges.  (Quain.) 
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muscular  body  of  conical  form,  with  the  base  turned 
partly  upwards,  and  the  point  directed  downwards,  and 
towards  the  left  side.    It  contains  four  chambers,  with 


Fro.  15.  ThorM  and  abdomen  opened  to  sliow  tlie  viscera  in  place :  n.  heart  ;  6.  pericardinni, 
partly  removed  :  c,  aorta  :  d,  veins  ;  e,  lungs :  /,  muscles  of  Uie  walls  of  tlie  tliorax,  ■wliich 
have  been  cut  throngh  ;  the  cut  ends  of  the  ribs  are  seen  near  the  lungs;. (7,  the  tip  of  the 
sternum  and  ends  of  the  lower  ribs,  to  which  the  diaphragm  is  attached  ;  A,  liver ;  t,  stomach  ; 
*,  small  intestine  i  I,  large  iutestiue  ;  m,  urinary  bladder. 

which  the  arteries  and  veins  communicate.  Two  of 
these  chambers,  situated  at  the  upper  part  of  the  heai't, 
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have  thin  ■walls,  and  are  termed  the  rujM  and  left  auri- 
cles. The  other  two  chambers,  occupying  the  lower  part 
of  the  heart,  have  thick  walls,  and  are  called  the  right 
and  left  ventricles.  The  heart  is  enclosed  in  a  mem- 
branous bag,  called  the  'pericardimn.  The  mouth  of  this 
bag  is  attached  to  the  large  vessels  passing  off  from 
the  upper  part  of  the  heart.  The  membrane,  however, 
does  not  end  here,  but  is  turned  inwards,  and  reflected 
over  the  entire  surface  of  the  heart.  In  this  way  a  bag 
is  formed  within  a  bag,  leaving  between  them  a  closed 
space,  which  contains  a  fluid  termed  the  ^jericardial 
fluid.  The  part  of  the  membrane  forming  the  inner  bag 
adheres  closely  to  the  heart. 

The  heart  is  the  organ  by  which  the  blood  is  forcetl 
through  the  set  of  tubes  or  vessels  called  arteries  ana 
veins^  in  order  that  this  most  important  fluid  may  be  dis- 
tributed to  all  parts  of  the  body. 

Bloodvessels.  The  vessels  by  which  the  blood  is  car- 
ried aiuay  from  the  heart  are  the  arteries,  while  those 
bringing  the  blood  hack  to  the  heart  are  termed  veins. 

From  the  upper  part  of  the  left  ventricle  arises  a  large 
artery  termed  the  aorta,  which  arching  upwards  and 
backwards  comes  to  lie  against  the  back  wall  of  the 
thorax,  and  then  descends  towards  the  abdomen.  From 
this  arch  of  the  aorta  three  large  arteries  are  given  ojBf, 
one  of  which  very  soon  divides  into  two,  so  that  there 
are  virtually  four  of  these  vessels.  Two  of  these,  the 
ricjht  and  left  subclavian  arteries,  pass  to  the  right  and 
left  arms.  The  other  two,  the  right  and  left  carotid 
arteries,  run  up  on  either  side  of  the  neek  to  supply  the 
head. 

From  the  upper  part  of  the  right  ventricle,  another 
large  vessel,  the  imlmonary  artery,  passes  oflF,  and  divides 
into  two  branches,  one  going  to  each  lung.  Other 
vessels  pass  from  the  lungs  back  to  the  left  auricle,  these 
are  the  imlmonary  veins.  The  vessels  which  bring  back 
the  blood  from  tlae  head  and  upper  parts  of  the  body, 
open  into  one  large  vein,  the  superior  vena  cava.  The 
inferior  vena  cava  receives  the  blood  returning  from  the 
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lower  parts  of  the  body.  Both  vence  cavcG  open  into  the 
rtgJit  auricle. 

The  Lungs.  At  the  sides  of  the  thoracic  cavity  are  the 
two  hinr/s.  When  the  thorax  is  entire,  the  lungs  occupy 
by  far  the  greater  part  of  its  cavity,  and  are  in  contact 
with  its  walls ;  but  when  the  thorax  is  opened,  the  lungs 
immediately  shrink  very  considerably.  Each  lung  is 
contained  in  a  double-walled  sac  termed  ?l  •pleura,  which 
is  similar  to  the  pericardium.  The  inner  wall  of  each 
pleura  is  attached  to  the  surface  of  the  lung,  and  the 
outer  wall  is  in  contact  with  the  wall  of  the  thorax. 
From  each  lung  a  large  tube,  or  hronchus,  arises.  These 
join  to  form  the  trachea,  which  passes  upwards  and  opens 
into  the  pharynx  at  the  back  of  the  mouth.  The  trachea 
is  the  passage  by  which  air  passes  to  and  from  the 
lungs. 

Tlie  OEsopliagiis.  Directly  behind  the  trachea,  and 
attached  to  it,  is  the  oesophagus,  the  upper  and  enlarged 
portion  of  which  is  termed  the  pharynx.  The  oesophagus 
is  a  wide  tube  communicating  with  the  mouth  above, 
and  passing  downwards  into  the  stomach :  it  is  the 
passage  by  which  the  food  is  conveyed  from  the  mouth. 

Tlie  Diaphragm.  The  floor  of  the  thoracic  cavity  is 
formed  by  a  strong  partition,  partly  muscular,  called 
the  diaphragm,  which  separates  the  thoracic  from  the 
abdominal  cavity.  The  oesophagus,  bloodvessels,  etc., 
which  pass  from  one  of  these  cavities  to  the  other,  have 
to  pass  through  the  diaphragm. 

Nerves.  A  double  series  of  white-looking  bodies, 
connected  by  dehcate  white  cords,  forms  an  irregular 
double  chain  upon  the  back  of  both  the  abdominal 
and  thoracic  cavities  :  these  are  the  chief  parts  of  what 
is  termed  the  sympathetic  nervous  system. 

Contents  of  the  Abdomen.  The  Stomach.  Soon 
after  passing  through  the  diaphragm  the  oesophagus 
opens  into  the  stomach,  a  muscular  sac,  pyi'iform  in  shape, 
with  thick  strong  walls.  The  larger,  or  cardiac  end  of 
the  stomach  receives  the  oesophagus ;  while  the  smaller, 
or  pyloric  extremity  is  continued  into  the  intestine. 
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The  Intestines.  The  cluodemim,  as  the  first  portion  of 
.the  intestine  is  called,  is  continuous  with  the  smcdl  intes- 


Fiu.  IS.  Thorax  and  alulomeu  opened,  and  most  of  tlie  organs,  iiichidiiig  the  right  kidney, 
removed  :  a,  he.ort ;  6.  pulmonary  artery  ;  c,  .aortii ;  d,  superior,  and  rf'.  inferior  veua  cava  ;  e, 
diaphragm  ;  /,  the  left  kidney  ;  g,  its  ureter  ;  h,  bladder;  f,  parotid  gland. 

tine,  -which  forms  the  greater  part  of  the  convoluted 
mass  seen  when  the  abdominal  cavity  is  opened.  The 
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small  intestine  opens  upon  the  right  side  of  the  hoiy 
into  the  large  intestine,  which  at  this  point  forms  a  dila- 
tation termed  the  ccecum.  After  passing  across  the 
abdominal  cavity,  the  large  intestine  turns  downwards 
and  backwai'ds,  terminating  at  the  anal  aperture. 

The  Liver  and  Gall  Bladder.  Immediately  below  the 
arch  formed  by  the  diaphragm  is  the  liver,  a  large  red 
organ,  divided  into  several  portions  or  lobes,  and  partly 
overlapping  the  pyloric  end  of  the  stomach.  On  turaing 
up  the  lobes  of  the  liver,  a  small  greenish- coloured  bag 
is  seen.  This  is  termed  the  gall-bladder,  and  is  the  recep- 
tacle for  the  gall  or  bile,  a  fluid  formed  by  the  liver  for 
use  in  the  process  of  digestion.  The  bile  is  poured 
into  the  duodenum  through  a  small  tube  called  the 
biliary  or  hepatic  duct. 

The  Pancreas  and  Spleen.  These  are  two  organs 
which  are  also  situated  near  to  the  stomach ;  the  latter 
being  close  to  its  cardiac  portion. 

The  Kidneys  and  Bladder.  When  the  stomach  and 
intestine  are  removed,  the  two  Icidneys  may  be  seen. 
From  each  of  these  organs  a  tube  called  the  ureter  passes 
downwards,  terminating  in  the  lower  part  of  the  bladder, 
which  is  placed  at  the  bottom  of  the  abdominal  cavity 
towards  the  front  (fig.  16). 

Bloodvessels.  The  aorta,  after  passing  through  the 
diaphragm,  gives  off  branches  to  the  liver,  stomach, 
intestine,  kidneys,  etc.,  and  afterwards  divides  into  two 
main  channels,  the  right  and  left  iliac  arteries,  which 
pass  to  the  lower  limbs. 

The  inferior  vena  cava  runs  up  beside  the  aorta,  and 
passes  through  the  diaphragm  on  its  way  to  the  heart. 

The  Peritoneum  and  Mesentery.  The  interior  of  the 
abdomen  is  lined  by  a  membrane  termed  the  peritoneum. ; 
this  is  reflected  over  most  of  the  organs  contained  in 
the  cavity  in  a  manner  similar  to  that  in  which  the 
pleurae  cover  the  lungs.  The  portion  of  the  peritoneum 
reflected  over  the  intestine  is  attached  to  the  back 
wall  of  the  abdominal  cavity,  and  forms  a  membranous 
expansion  termed  the  mesentery.    The  intestine,  enclosed 
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I  its  fold  of  peritoneum,  is  supported  by  being  thus 
ttacbed  to  the  edge  as  it  were  of  the  mesentery. 
The  Cavities  of  the  Skull  and  Spinal  CoUimn. 
\7hen  a  human  body  is  cut  down  the  middle  lino  into 
mo  lateral  halves,  as  shown  in  fig.  5,  the  bodies  of 
le  vertebrte,  which 
lave     been  cut 
ihrough,    will  be 
eeen  separating  the 
ihoracic    and  ab- 
ominal  cavities 
rhich  are  situated 
ipon  their  front  or 
antral  aspect,  from 
Jie  much  smaller 
navity  of  the  neural 
anal  seen  at  their 
oack  or  dorsal  snr- 
ace.     The  spinal 
;anal,  formed  by 
Lhe   neural  arches 
of  the  vertebrse,  be- 
comes gradually 
smaller  at  its  lower 
oart;   but  is  con- 
ibinuous  above  with 
;bhe    cavity   of  the 
tshull  (fig.  17). 

In  the  trunk  the 
wentral  or  abdomi- 
rnal  and  thoracic 
ccavities  are  much 
Uarger  than  the  dor- 
-sal  cavity,  or  spinal  canal.  In  the  head  this  is  reversed, 
•the  ventral  cavity,  formed  by  the  mouth  and  nasal  cham- 
'bers,  being  smaller  than  the  dorsal  cavity,  or  brain  case. 

The  Brain  and  Spinal  Card.  The  great  cavity  of  the 
1  human  skull  is  chiefly  occupied  by  two  large  convoluted 
[masses of  thebrain  called  the  cerelral-heinisjphe7-es(iigs.5,  a, 


Fig.  17.  Vertical  sectiuu  through  the  head  aiul  neck  : 
a,  cavity  of  skull,  tlie  braiu  having:  beeu  reuioved  ;  just 
below  this  letter  the  cut  ends  of  some  of  the  ci*anial 
nerves  are  seen  ;  b,  neural  cinal ;  c,  membranous  partition, 
called  the  falx,  which  is  found  between  the  two  hemispheres 
of  the  brain  ;  rf,  bodies  of  vertebrie  cut  through  ;  e,  ceao- 
pliagus,  conimnniavting  above  with/,  the  pharynx  ;  ff,  tn:- 
chea  :  h,  larynx  ;  i,  epiglottis ;  k,  hyoid  ;  tongue  ;  m, 
nasal  cavity. 
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and  60)  ;  below  the  hinder  part  of  these  hemispheres  is 
situated  that  portion  of  the  brain  called  the  cerebellum 
(figs.  6,  53).  The  base  of  the  hrain  is  continued  into  the 
spinal  cord,  a  greyisli  white  substance  extending  aloug 
the  spinal  canal  as  far  as  the  second  lumbar  vertebra, 
where  it  becomes  reduced  to  a  mere  thread.  This 
filum  terminale,  as  it  is  called,  with  certain  nerves  given 
oS  from  the  lower  parts  of  the  spinal  cord,  occupies  the 
remaining  portion  of  the  neural  canal. 

Nervous  cords  pass  from  the  brain  to  the  eyes,  nose, 
mouth,  ears,  and  other  parts  of  the  head  and  body. 
From  the  spinal  cord  similar  threads  pass  out  on  each 
side  of  the  canal,  between  the  arches  of  the  vertebraB, 
and,  dividing  and  subdividing,  are  distributed  to  all  parts 
of  the  body. 

Memlranes  surrounding  the  Brain  and  S])inal  Cord. 
The  hroiin  is  covered  by  a  very  vascular  membrane 
termed  the  ina  mater,  which  dips  down  between  all  the 
irregularities  of  its  convolutions.  The  interior  of  the 
skull  is  covered  by  a  very  strong,  tough  membrane 
called  the  dura  mater,  which  adheres  firmly  to  the 
smTounding  bone.  The  free  surface  of  both  these 
membranes  is  covered  by  a  very  delicate  layer  of  mem- 
branous tissue,  the  arachnoid,  which,  being  reflected  from 
one  to  the  other,  forms  a  shut  sac,  similar  to  the 
pericardium  (p.  15). 

The  sjnnal  cord  is  protected  by  the  same  membranes 
as  the  brain  (fig.  46)  ;  but  the  dura  mater  is  not  attached 
to  the  suiTounding  bones. 

Practical  Section. 

The  student  is  recommended  to  follov)  out  for  himself  the  directions 
for  practical  toork  which  are  given  throughout  this  manual, 
and  not  to  he  content  with  simply  reading  the  descriptions, 
or  even  loith  seeing  dissections  and  experiments  performed  bij 
others ;  but  to  work  the  matters  ont  loith  his  own  hands.  [See 
Appendix.] 

Dissection  of  an  Animal. — All  the  parts  of  the  body  de- 
scribed iu  the  foregoing  chapter  may  be  conveniently  studied  by 
dissecting  some  small  animal,  such  as  a  cat,  a  dog,  or  a  rabbit. 
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"A  rabbit  is  most  easily  obtained,  and  for  certain  other  reasons  is 
;)erliaps  best  suited  for  tliis  piupose.    It  should  be  obtained  alive, 
and  then  killed  by  drowning  or  by  chloroform.    The  ordinary 
nethod  of  killing  rabbits  practised  by  dealers,  spoils  the  animal 
[cot  dissection,    young  pupils  are  advised  to  consult  some  experi- 
ksnced  person  as  to  the  best  mode  of  killing  the  animal  so  as 
paot  to  give  it  pain  unnecessarily.    The  dead  animal  should  be 
naaid  upon  its  back  upon  a  table  or  board,  into  which  stout  pins 
nmay  be  driven,  and  a  piece  of  string  tied  to  each  limb  and 
aattached  to  four  pins  driven  into  the  board  for  that  purpose. 
TThe  skin  of  the  thorax  should  then  be  cut  through  in  the  middle 
I'Jine  with  a  sharp  knife,  and  the  cut  extended  forwards  to  the 
chin,  and  backwards  to  the  lower  part  of  the  abdomen,  so  that 
:the  skin  may  be  turned  back.    The  latter  operation  should  be 
Jdone  as  far  as  possible  without  using  the  knife. 

Muscles.  The  muscles  of  the  abdomen  and  thorax  thus  ex- 
j-posed,  are  seen  to  be  covered  with  a  thin  membrane.  The  limbs 
vof  one  side  may  now  be  untied,  and  the  skin  removed  from  them, 
aand  then  stripped  off  the  body  as  far  as  the  middle  Une  of  the 
iback.    The  muscles  of  the  limbs  and  back  are  now  seen. 

The  membrane  covering  the  muscles,  say  of  the  hind  leg, 
■should  be  dissected  off.  To  do  this  the  membrane  should  be 
1  raised  carefully  with  a  pair  of  forceps,  and  the  portions  by  which 
;  it  is  attached  cut  through  with  the  knife,  care  being  taken  not 
I  to  cut  the  muscles. 

One  of  the  muscular  bundles  should  now  be  traced  from  end  to 
I  end.  For  this  purpose  raise  the  centre,  or  belly,  of  the  muscle, 
and  with  the  point  of  the  knife  cut  through  the  membranes 
which  adhere  to  it,  always  taking  care  not  to  cut  the  muscle 
itself.  Continue  to  separate  in  this  manner  the  muscle  from  the 
surrounding  parts  until  the  point  is  reached  where  it  is  attached 
to  the  bone ;  then  in  the  same  way  expose  the  opposite  end  of  the 
muscle. 

Abdominal  Cavity.  The  animal  being  turned  upon  its  back, 
the  front  wall  of  the  abdomen  is  to  be  cut  through,  from  just 
below  the  sternum  to  its  lower  part,  care  being  taken  not  to 
injure  the  organs  within.  From  the  upper  part  of  this  incision 
another  is  to  be  made  at  right  angles  to  it,  and  just  below  the 
ribs  ;  this  transverse  incision  is  to  be  carried  back  as  far  as  pos- 
sible on  both  sides.  A  similar  transverse  cut  is  then  carried 
across  the  lower  part  of  the  abdomen,  and  the  flaps  thus  made 
turned  back. 

The  organs  which  are  in  this  manner  displayed  should  be  com- 
pared with  the  figures  and  descriptions  given  in  the  foregoing 
chapter. 

Turn  the  animal  on  its  side,  and  cut  away  the  flap  of  the  ab- 
dominal wall  of  the  upper  side  as  close  to  the  vertebrje  as  possi- 
ble.   The  relation  of  the  organs  will  then  be  still  better  seen, 
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and  other  parts,  before  hidden,  will  corae  into  view.  The  m- 
testiue  should  be  raised  carefully  out  of  its  place,  and  the  me- 
sentery, by  which  it  is  supported,  examined ;  the  bloodvessels 
and  nerves  which  ramify  through  the  mesentery  should  also  be 
noticed. 

The  mesentery  may  now  be  cut  through  near  its  attachment 
to  the  spinal  column,  so  that  the  intestine  may  be  removed,  and 
the  stomach,  liver,  kidneys,  etc.,  examined. 

Thoracic  Cavity.  The  thorax  is  to  be  opened  by  cutting 
across  from  one  side  to  the  other  a  little  above  the  lowest  ribs  so 
as  to  leave  a  band  between  the  opening  in  the  abdomen  and  that 
now  being  made  in  the  thorax.  This  band  is  left  so  that  the 
attachment  of  the  diaphragm  to  this  portion  may  be  studied 
when  the  larger  organs  have  been  removed.  The  sternum  and 
ribs,  which  have  now  to  be  divided,  may  be  cut  through  with 
scissors.  The  cut  end  of  the  sternum  is  held  with  the  forceps, 
and  somewhat  raised,  while  the  ribs  are  divided  as  near  each 
side  as  possible.  The  vessels  passing  to  the  limbs,  near  the  upper 
part  of  the  thorax,  must  not  be  cut  through.  The  portion  of  the 
front  wall  of  the  thorax  thus  raised  is  to  be  cut  across  at  its  upper 
part,  and  removed. 

The  lungs  and  heart  which  are  thus  exposed,  together  with  the 
large  vessels  and  other  parts,  should  be  compared  with  the  figures 
and  descriptions  given  iu  the  text.  The  large  vessels  going  to 
the  limbs,  lungs,  etc.,  should  be  traced. 

The  Brain  and  Spinal  Cord.  These  parts  are  somewhat 
more  troublesome  to  expose  than  those  which  have  just  been 
described,  but  with  a  little  care  it  may  be  accomplished.  For  this 
purpose  the  back  of  the  animal  should  be  turned  upwards,  and 
the  limbs  secured  as  at  first.  The  skin  is  removed  from  the  head, 
by  making  a  longitudinal  incision  in  it,  and  then  turning  it  back 
upon  each  side.  The  muscles  upon  the  sides  and  back  of  the 
skull  should  next  be  cleared  away.  A  hole  may  now  be  made  in 
the  top  of  the  skull  with  the  point  of  a  pan-  of  scissors,  and  the 
bone  broken  away  piece  by  piece  with  a  pointed  pair  of  nippers 
until  the  upper  surface  and  sides  of  the  braia  can  be  seen.  In  a 
rabbit  the  cerebral  hemispheres  do  not,  as  in  man,  cover  the  cere- 
bellum, and  consequently  the  latter  is  seen  when  the  brain  is 
viewed  from  above. 

When  the  bone  has  been  broken  away  so  as  fairly  to  expose 
the  sides  of  the  brain,  the  latter  should  be  carefully  raised  by 
inserting  the  tips  of  the  fingers  under  it  on  one  side,  and  gently 
jDuUing.  Several  white  cords  will  thus  be  seen  passing  from  the 
under  surface  of  the  brain  to  the  fl.oor  of  the  skull :  these  are  the 
cranial  nerves. 

In  order  to  expose  the  spinal  cord,  the  skin  of  the  back  must  be 
removed,  and  the  muscles  cut  away  from  each  side  of  the  spinal 
column,  as  close  to  the  bone  as  possible ;  then,  commencing  at 
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;the  back  of  the  skull,  the  spinal  canal  is  to  be  laid  open  by  cutting 
wvith  the  nippers  the  two  sides  of  each  neural  arch.  Care  must 
ibe  taken  not  to  cut  or  tear  the  spinal  cord  or  the  nerves  passing 
I  off  from  it.  WheL  the  spinal  cord  has  thus  been  exposed,  and 
•ithe  membranes  which  surround  it  made  out,  the  spinal  nerves 
; should  be  examined,  and  the  two  roots  by  which  each  arises  from 
rtbe  cord  distingmshed,  and  likewise  the  swelling  ov  ganglion  ot 
;  the  posterior  root. 

The  brain  and  spinal  cord  should  now  be  removed,  by  carefully 
r  raising  them,  and  cutting  through  the  nerves  by  which  they  are 
:  attached.  Separate  the  brain  from  the  spinal  cord,  and  place  the 
I  former  in  spii-its  of  wine,  and  the  latter,  cut  in  short  pieces,  in 
;the  chromic  acid  solution  (p.  175,  No.  4),  for  future  use. 


CHAPTER  II. 
FUNCTIONS  OF  THE  BODY. 

Continual  Waste  of  the  Body.  We  have  seen  that 
the  body  is  made  np  of  a  great  number  of  organs,  the 
uses  of  which  it  is  the  province  of  physiology  to  study. 
Before  entering,  however,  upon  a  detailed  consideration 
of  each  part,  it  will  be  well  to  look  at  the  body  as  a 
whole,  in  order  to  see  what  are  the  general  results  of  the 
performance  of  its  functions. 

It  is  a  well  established  fact  that  no  organ  can  be  in  a 
state  of  activity  without  the  expenditure  of  a  certain 
amount  of  force,  for  the  production  of  which  some  of  the 
materials  existing  in  the  body  undergo  the  chemical 
change  known  as  combustion.  Just  as  the  mechanical 
power  of  a  steam  engine  is  due  to  the  heat-force  gene- 
rated by  the  burning  of  the  fuel  in  its  furnace,  so  by  the 
force  evolved  in  a  similar  process  of  burning  are  the 
various  actions  of  the  body  accomplished. 

In  every  part  of  the  body  during  life  the  oxygen  of 
the  blood  is  continually  entering  into  combination  with 
certain  materials  containing  carbon  and  hydrogen,  caus- 
ing combustion,  in  the  process  of  which  heat  and  force 
are  evolved- 
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Now  as  tile  materials  burnt  are  unfitted  for  further 
service  in  tbe  body,  it  follows  that  every  action  must 
be  accompanied  by  a  waste  of  material. 

In  the  body  of  a  living  man  certain  functions  are 
being  continually  performed,  as  for  instance  the  heating 
of  the  heart  and  the  fvocess  of  respiration,  both  of  which 
are  caused  by  the  action  of  certain  muscles ;  conse- 
quently there  must  be  a  continual  ivasting  of  the  body. 
Other  actions  are  intermittent,  such  as  standing,  walk- 
ing, spealcing,  etc.  These  also  are  accompanied  by  con- 
siderable waste.  Not  only  do  these  more  or  less  obvious 
actions  necessitate  a  consumption  of  material,  but  all 
imperceptible  actions  also,  whether  of  muscles,  glands,  or 
nerves ;  indeed  every  thought  is  accompanied  by  a  pro- 
portionate waste  of  material. 

The  average  temperature  of  the  human  body  is  about 
100°  Fahrenheit,  and  as  this  is  considerably  above  the 
ordinary  temperature  of  the  surrounding  air,  a  con- 
tinual radiation  of  heat  takes  place  from  the  body. 
This  tends  to  lower  its  temperature,  and  would  soon 
reduce  it  to  that  of  the  surrounding  air,  were  it  not 
compensated  for  by  internal  combustion.  Here,  then, 
is  another  cause  of  continual  waste. 

Products  of  Waste.  The  materials  used  by  the 
various  organs  in  the  exercise  of  their  functions  hav- 
ing been  rendered  unfit  for  further  service  in  the  body, 
it  is  necessary  that  they  should  be  got  rid  of. 

The  products  of  this  change  or  waste  consist  chiefly 
of  carhonic  acid,  iirea,  ivater,  and  some  sahne  substances. 
These  are  taken  up  by  the  blood  in  its  circulation 
through. the  body,  and  conveyed  to  certain  organs  whose 
oflfice  it  is  to  separate  them  preparatory  to  their  being 
thrown  out  of  the  system. 

The  Organs  by  which,  the  Products  of  Waste 
are  separated  from  the  Body.  The  organs  by  which 
this  function  is  performed  are  the  lungs,  the  Icidneys, 
and  the  slcin  (p.  92).  The  hings  get  rid  of  the  greatest 
proportion  of  carhonic  acid,  -with  a  small  projjortion  of 
water  in  the  form  of  vapour.  The  latter  may  be  seen  when 
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we  breathe  an  a  cold  atmosphere :  for  the  vapour,  as  it 
passes  out  of  the  lungs,  becomes  condensed,  and  is  then 
visible.  Also  -when  a  piece  of  cold  glass  (a  window  pane 
for  example)  is  breathed  on,  it  becomes  covered  with 
moisture  from  the  same  cause. 

The  presence  of  carbonic  acid  in  expired  air  may  be 
shown  by  causing  air  from  the  lungs  to  pass  through  a 
clear  watery  solution  of  lime.  The  solution  will  soon 
become  turbid,  owing  to  the  formation  of  carbonate  of 
lime  (p.  87). 

The  kidneys  eliminate  a  very  considerable  quantity  of 
urea  and  luater ;  while  the  shin  throws  off,  in  the  form 
perspiration,  carlonic  acid  and  water,  and  sometimes 
a  small  proportion  of  urea. 

Compensation  for  Waste.  It  is  obvious  that  if  the 
waste  indicated  above  were  not  made  good,  the  body 
would  soon  become  considerably  reduced  in  weight. 
The  loss  is  compensated  when  the  food  and  water  taken 
into  the  system  are  of  such  a  kind  and  in  such  quantity 
:  as  to  supply  an  amount  of  nutriment  to  the  tissues, 
equal  to  the  waste  which  takes  place. 

If  but  little  or  no  food  be  taken,  the  body  gradually 
i  diminishes  in  weight.  This  happens  even  when  the 
body  is  at  rest ;  but  during  active  exercise  it  takes 
place  much  more  rapidly.  If  the  wasting  be  allowed 
to  continue,  a  point  will  at  length  be  reached  at  which 
death  from  starvation  must  ensue. 

Proofs  of  Waste.  If  the  body  of  a  healthy  man  be 
;  accurately  weighed  at  intervals  during  the  day,  it  will 
be  found  that  its  weight  is  greatest  du-ectly  after  a 
meal,  and  gradually  decreases  until  food  is  again  taken. 
The  diminution  in  weight  will  be  more  considerable  the 
longer  the  period  of  fasting  is  extended,  or  the  more  the 
;  amount  of  activity  is  increased. 

The  continued  excretion  of  carbonic  acid,  urea,  etc., 
I  even  when  the  body  is  not  supplied  with  food,  and  the 
!  loss  of  weight  in  consequence  of  this  excretion,  are  further 
;  proofs  that  waste  takes  place. 

Digestion.   The  process  by  which  food  is  prepared 
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for  the  nourisliment  of  tlie  tissues  is  termed  digestion, 
and  takes  place  in  the  moitth,  stomach,  and  intestines. 
That  23art  of  the  food  which  has  been  propei'ly  digested 
is  absorbed  by  vessels  in  the  walls  of  the  stomach  and 
intestine,  and  poured  sooner  or  later  into  the  blood- 
vessels ;  these  carry  it  to  all  parts  of  the  system,  for  the 
nourishment  of  the  tissues  of  the  various  organs.  Those 
portions  of  the  food  which  cannot  be  so  absorbed  pass 
out  of  the  alimentary  canal  as  f^ces. 

Circulation.  The  blood  is  the  medium  by  which 
nourishment  is  conveyed  to  the  various  tissues  and  by 
which  the  waste  matters  are  carried  away  from  them. 
In  order  that  these  two  objects  may  be  attained,  the 
blood  is  kept  constantly  circulating.  The  heart  is  the 
organ  which,  by  its  regular  and  rhythmical  contractions, 
keeps  the  blood  in  motion.  The  arteries  by  which  this 
red  fluid  is  conveyed  from  the  heart  become  gradually 
smaller  and  smaller,  and  their  walls  get  thinner  and 
thinner,  until  at  length  they  form  a  delicate  network  of 
capillary  vessels  in  the  various  tissues  throughout  the 
body.  Here  the  walls  of  these  vessels  are  so  thin  that 
the  nutritious  matters  contained  in  the  blood  pass 
through  them  to  the  minute  portions  of  the  tissues 
which  lie  in  the  meshes  of  the  capillaries.  Here  also 
waste  matters  find  their  way  into  the  blood.  It  is  in 
these  capillaries  too  that  the  oxygen,  which  is  perhaps 
the  most  essential  constituent  of  the  blood,  appears  to  be 
chiefly  made  use  of,  a  fresh  supply  being  obtained  dur- 
ing the  passage  of  the  blood  through  the  lungs. 

The  Nervoiis  System.  The  nervous  system  is  the 
governing  power  of  the  body.  It  enables  the  diflerent 
organs  to  perform  their  functions,  and  brings  the 
various  parts  into  such  relation  that  they  may  when 
necessary  act  in  concert.  The  motions  of  the  body,  it 
is  true,  depend  upon  the  movements  of  the  muscles,  but 
the  contractions  of  the  muscles,  whether  voluntary  or 
involuntary,  are  caused  by  the  influence  of  the  nervous 
system.  The  nervous  system  is  also  the  means  by 
which  the  body  is  brought  into  relation  with  the  outer 
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world.  The  terminations  of  certain  nerves  are  modified 
to  enable  them  to  receive  impressions ;  as,  for  example, 
in  the  eje,  ear,  etc.  Tlie  sensations  of  toucli,  taste,  smell, 
hearing,  and  sight,  could  not  however  be  experienced 
but  for  the  brain,  wliich  alone  has  the  power  of  perceiv- 
ing sensations. 

ibeath.  While  the  organs  are  capable  of  performing 
their  functions,  the  body  is  said  to  be  alive ;  but  when 
they  can  do  so  no  longer  the  body  is  dead.  Death  may 
be  local  or  general. 

Local  Death.  In  almost  all  parts  of  the  body  portions 
of  tissue  are  constantly  dying  and  being  carried  out  of 
the  system  as  waste;  but  this  kind  of  local  death  is 
necessary  for  the  life  and  healtli  of  the  body. 

When  from  disease  or  injury  any  part  of  the  body 
ceases  to  be  nourished,  mortification  takes  place,  or  in 
other  words  tlie  part  dies. 

General  Death.  When  the  heart,  tbe  respiratory 
organs,  and  the  brain,  cease  to  act,  the  body  is  ordi- 
narily said  to  be  dead.  The  tissues  may,  however, 
possess  their  vital  properties  for  some  time  after  this 
has  taken  place.  This  is  shown  by  the  contraction  of 
muscles  when  irritated,  and  by  the  power  which  the 
nerves  retain  of  conveying  influences  even  after  separa- 
tion from  the  body.  It  therefore  becomes  necessary  to 
discriminate  between  what  is  ordinarily  called  death  and 
the  death  of  the  tissues. 

Causes  of  Death.  Whatever  may  be  its  apparent  cause, 
death  is  always  the  direct  result  of  one  of  three  causes, 
viz.  :  (1)  the  cessation  of  the  action  of  the  heart,  (2)  of 
the  lungs,  or  (3)  of  the  Iraiii  and  spinal  cord. 

Classification  of  the  Functions.  The  functions  of 
the  human  body  are  generally  divided  into  two  groups, 

(1)  The  Vegetative  Sanctions. 

(2)  Functions  of  Belation,  or  Animal  Functions. 

The  first  group  includes  aU  processes  which  serve  for 
the  growth  and  nourishment  of  the  body.  The  second 
embraces  those  functions  which  bring  the  individual 
into  relation  with  the  outer  world. 
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The  following  table  shows  in  a  general  way  the  func- 
tions included  in  each  of  these  groups,  and  the  organs 
by  which  they  are  performed. 


Functions. 

Oegans. 

"V"egetativ6 
Functions. 

Digestion : 

Mastication. 

Insalivatioii. 

Deglutition. 

Chymification. 

Chylijiccitiou. 
Absorption. 

Circulation. 

Nutrition. 
Secretion. 
Excretion. 
Eespii'atiou. 

Teeth. 

Salivary  Glands. 
OEsopliagus. 
Stomach. 
Duodenum. 

Lacteals,  Lymphatics, 
Blood  Capillaries. 

Heart,  Arteries,  Capil- 
laries, Veins. 

Capillaries. 

Various  Glands, 

Kidneys,  Lungs,  Skin. 

Lungs. 

Functions  of 
Relation,  or 
Animal  Func- 
tions. 

Thought. 
Sensation. 

Motion. 
Voice. 

Brain. 

Brain,  Nerves,  Sensory 

organs. 
Muscles.  . 
Larynx. 

CHAPTER  III. 
CHEMICAL  COMPOSITION  OF  THE  BODY. 

Proximate  Principles.  By  submitting  the  various 
tissues  of  the  body  to  certain  simple  processes,  such  as 
washing,  boiling,  etc.,  a  number  of  different  substances 
may  be  obtained,  wbicb  are  known  as i^roximate principles. 
The  chemical  elements  which  enter  into  the  composition 
of  the  proximate  principles  are  carlon,  hydrogen,  oxygen, 
and  nitrogen,  sometimes  united  witli  sulphur  and  phos- 
phorus. These  are  combined  in  various  proportions,  and 
form  very  complex  compounds. 

^\iQ  proximate  principles  are  of  two  kinds:  those  which 
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contain  a  proportion  of  nitrogen,  and  are  therefore  termed 
■niirogenized  substances  ;  and  those  Tvliicli  do  not  contain 
nitrogen,  and  are  hence  termed  non-nilrogenizccl  sub- 
stances. It  -will  be  necessary  to  consider  the  nature  of 
the  most  important  of  these  compounds. 

Nitrogenized  Substances,  or  Proteids,  All  these 
substances  contain  carbon,  hydrogen,  oxygen,  and  nitrogen, 
with  a  small  proportion  of  mineral  matters. 

1.  Albumen.  The  best  known  form  of  this  substance 
is  the  white  of  eggs.  It  is  found  in  the  human  body 
in  a  state  of  solution,  both  in  the  blood  and  in  the 
fluids  of  most  of  the  tissues.  It  possesses  the  peculiar 
property  of  coagulating  when  heated  to  about  158°  F., 
and  is  precipitated  by  the  addition  of  alcohol,  or  strong 
acids,  and  by  most  metallic  salts. 

2.  Globulin.  This  is  a  peculiar  kind  of  albumen, 
which  forms  the  chief  part  of  the  red  blood  coi-puscles 
(p.  55).  It  is  also  found  in  the  crystalline  lens  of  the 
eye,  and  is  then  known  as  crystallin. 

3.  Hcemoglobin,  or  cruor.  This  is  the  material  con- 
tained in  red  blood  corpuscles  (p.  59).  It  may  be 
sepai'ated  into  two  parts,  globidin  and  the  colouring 
matter  which  is  termed  licematin. 

4.  Fibrin.  If  some  freshly  drawn  blood  be  whipped 
with  a  bundle  of  fine  twigs,  a  soft  fibrous  mass  will 
adhere  to  them;  this  substance  is  called  fibrin,  and 
differs  from  albumen  in  possessing  the  property  of 
coagulating  spontaneously. 

Fibrin  does  not  exist  as  such  in  the  blood,  but  is  the 
result  of  the  combination  of  two  substances  which  form 
part  of  the  plasma  of  the  blood  (p.  65).  One  of  these 
substances,  fibrinoiolastin,  is  closely  allied  to,  if  not 
identical  with,  globulin.  The  second  svib^id^ncQ,  fibrinogen, 
exists,  not  only  in  blood  plasma,  but  also  in  lymph  and 
chyle  (pp.  75  and  52). 

5.  Syntonin.  This  substance  is  a  kind  of  fibrin  ob- 
tained by  treating  muscular  tissue  with  dilute  acid. 
Syntonin,  as  it  exists  in  the  muscles,  is  termed  myosin; 
the  coagulation  of  this  causes  the  stiffening  of  the  body, 
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or  rigor  moriis,  wliicli  takes  place  soon  after  death 
(p.  14G). 

6.  Casein.  The  chief  source  whence  casein  is  obtained 
is  milk ;  but  it  is  found,  though  iu  much  smaller  quan- 
tities, in  other  fluids  of  the  body.  It  remains  in  solution 
so  long  as  the  milk  is  slightly  alkaline  (as  it  is  when 
quite  fresh) ;  but  when  the  milk  turns  sour,  or  an  acid  is 
added  to  it,  the  casein  is  coagulated,  and  forms  the  white 
flakes  known  as  curd,  from  -which  cheese  is  made. 
Casein  very  closely  resembles  albumen,  but  diflfers  fi'oni 
it  in  not  being  coagulated  by  heat. 

7.  Keratin  or  horny  matter.  This  is  much  like  al- 
bumen, but  contains  a  larger  proiDortion  of  sulphur. 
It  is  the  substance  of  which  hair  and  nails  are  composed. 

8.  Pepsin.  This  albuminous  substance,  is  obtained 
from  the  gastric  juice.  It  gives  to  that  fluid  its  powerful 
solvent  properties  which  are  so  important  in  the  process 
of  digestion  (p.  43). 

9.  Ftyalin.  An  important  constituent  of  the  saliva, 
having  the  power  to  convert  starch  into  dextrine,  and 
dextrine  into  sugar  (p.  40). 

10.  Gelatin.  When  connective  tissue,  tendons,  liga- 
ments, bones,  etc.,  are  boiled  in  water,  they  yield  a 
substance  called  gelatin.  A  solution  of  gelatin  in 
water,  remains  fluid  whilst  hot,  but  becomes  jelly-like 
"when  cold.  From  weak  solutions  gelatin  may  be  pre- 
cipitated by  the  addition  of  alcohol,  ether,  tannic  acid, 
etc. 

11.  Chondrin.  This  substance  is  obtained  by  boiling 
cartilage  in  water :  the  solution  solidifies  when  cold. 
It  closely  resembles  gelatin,  but  differs  from  it  chiefly 
in  not  forming  so  firm  a  jelly  when  cold. 

Non-Nitrogenized  Substances.  The  non-nitrogen- 
ous substances  contain  carbon,  hydrogen,  and  oxygen ; 
but  no  nitrogen.  They  are  of  two  kinds  :  the  fats  and 
the  amyloids. 

1.  The  Fats.  These  are  more  abundant  than  the  amy- 
loids, and  differ  from  them  in  containing  a  larger 
amount  of  carbon  and  hydrogen  in  proportion  to 
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oxygen.  There  are  several  varieties,  one  of  the  differ- 
ences between  them  being  that  they  solidify  at  different 
temperatures.  The  more  important  are  viargarin,  olein, 
.  stearin,  and  cholesterin.  Gholesterin  partakes  more  of 
the  nature  of  a  resiu  than  of  a  fat.  It  possesses  the 
peculiar  property  of  remaining  solid  at  the  ordinary 
temperature  of  the  body.  It  is  found  in  the  brain  and 
in  bile. 

2.  The  Amyloids.  Starch,  dextrine,  sugar,  and  gum  are 
I  the  substances  included  under  this  denomination.  They 
iall  contain  less  carhon  and  hydrogen  in  proportion  to 
oxygen  than  the  fats;  the  oxygen  and  hydrogen  being 
iin  the  proper  proportions  to  form  water,  while  in  the 
Ifats  there  is  an  excess  of  hydrogen. 

Glucose  or  grape-sugar  is  found  in  the  blood  which 
Heaves  the  liver  by  the  hepatic  vein.  A  variety  of  sugar 
(called  lactiii  exists  in  milk.  Lactic  acid,  which  is  formed 
ffrom  sugar,  is  found  in  the  blood  and  in  the  gastric 
jjuice.  It  is  this  acid  which  is  formed  when  milk  turns 
ssour. 

The  Results  of  Decomposition.  The  proximate 
{principles  are  very  unstable  compounds,  having  a  con- 
sstant  tendency  to  decompose  "when  left  to  themselves, 
cor  in  other  words  to  become  resolved  into  substances 
cof  a  much  more  simple  chemical  composition.  A  dead 
tbody  has  the  same  tendency ;  its  various  tissues  becoming 
anore  or  less  rapidly  decomposed,  and  reduced  to  the 
ssame  simple  compounds  as  result  from  the  decomposi- 
ttion  of  proximate  principles,  viz.,  carbonic  acid  (C  Og), 
mnmonia  (HgN),  water  (HjO),  and  certain  mineral 
s3ubstances. 

Mineral  Substances  found  in  the  Body.  The  fol- 
Uowing  are  the  more  important  of  the  mineral  substances 
which  enter  into  the  composition  of  the  body. 

1.  Phosphate  of  lime,  or  lone  earth,  exists  in  small 
q^uantities  in  all  the  tissues,  but  ia  found  abundantly  in 
ibhe  bones  and  teeth. 

2.  Carbonate  of  lime  always  exists  in  the  bones  and 
toeeth,  but  to  a  less  extent  than  hone  earth. 
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3.  Fluoride  of  calcium  is  also  found  in  tlie  bones  and 
teetb,  and  to  a  less  extent  in  otlier  tissues. 

4.  Cliloride  of  sodium  (common  salt)  is  very  generally 
distributed  tbrougbout  the  body. 

5.  Iron  occurs  chiefly  in  the  colouring  matter  of  the 
blood,  but  exists  also  in  hair  and  some  other  tissues. 

The  following  substances  are  found  only  in  smaU 
quantities : — 

G.  FUospliate  and  carbonate  of  magnesia. 

7.  Phosjjhates  and  caxhonates  of  soda  and  potash. 

8.  Sulpliocyanide  of  2>otassium  is  generally  to  be  found 
in  the  saliva. 

Ultimate  Chemical  Elements.  Analysis  has  shown 
that  the  human  body  is  composed  ultimately  of  a  num- 
ber of  elementary  chemical  siibstances,  the  greater  part  of 
the  oxygen  and  hydrogen  present  being  in  the  form 
of  water. 

The  following  table  gives  a  general  idea  of  the  pro- 
portions of  the  different  chemical  elements  which  enter 
into  the  composition-  of  the  body  of  a  man  weighing 
154  pounds,  88  pounds  being  water  and  66  pounds  solid 
matters. 

lbs. 

Oxygen  110-88 


Carbon 
Hydrogen 
Nitrogen 
Calcium 
Phosphoru. 
Suljyhur 
Sodium 
Potassium 
Iron  . 
Chlorine 
Fluorine 
Magnesium 
Silicon 


20-79 
14-014 
3-85 
2-002 
1-771 
•215 
•154 
•04 
•0154 
•130 
•123 
•0018 
•0003 
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CHAPTER  IV. 
FOOD. 

i  Food  required  by  Animals.  One  of  the  most  im- 
Drtant  diiferouces  betweeu  animals  and  plants  is  that 

(  IMle  plants  build  np  tlieir  tissues  from  such  simple 
Aorganio  compounds  as  carbonic  acid,  ammonia,  water, 

!  md  saline  matters,  animals  can  only  obtain  nourishment 
vy  making  use  of  organic  compounds  which  have  been 

\  i  .aborated  by  plants.  In  other  words,  a  plant  absorbs 
liie  simple  inorganic  compounds, — carbonic  acid,  am- 
'.lonia,  etc., — and  from  them  constructs  the  complex 
rroteid  and  carbonaceous  compounds  of  which  its  tissues 
rre  composed ;  while  an  animal  eats  cither  plants  or 
rnimals  which  have  fed  upon  plants,  and  thus  derives 
l-s  sustenance  from  the  proteids,  etc.,  which  they 
oontain.  In  the  exercise  of  their  functions  the  tissues 
•f  animals  become  oxidized  and  broken  down  into  much 

:  iimpler  compounds,  and  these  ultimately  form  carhonio 
ccicl,  ammonia,  water,  and  saline  matters,  from  which,  as 
tve  have  seen,  a  plant  is  capable  of  building  up  its 
iissues. 

'.  In  order  to  noui^ish  the  body,  food  must  therefore 
consist  of  organic  substances,  such  as  exist  in  bread, 
)iTitter,  meat,  vegetables,  etc.  A  man  of  average  size 
vequires  daily  about  8000  grains  of  chemically  dry 
olids,  besides  water ;  and  the  lungs  will,  during  the 
:iame  time,  absorb  about  10,000  grains  of  oxygen. 

Classification  of  Food.  Food  stuffs  may  be  divided 
mio  the  following  classes : — 

1.  Those  used  mainly  for  the  noimshment  of  the  tis- 
mes,  and  known  as  proteids  or  nitrogenous  substances 
aalso  termed  jplastic,  nutritive,  Msto genetic,  alhuminoiis, 
'ir  flesh-forming  materials) . 

2.  Those  chiefly  concerned  in  the  production  of  heat  in 
Ihe  body,  termed  heat-prochicers  or  non-nitrogenous  sub- 
'  tances  (also  called  respiratory,  carbonaceous,  andfuel-foods) 

3.  The  inorganic  materials  required  for  the  mainten 
i:ncc  of  the  body. 
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These  divisions,  althougli  convenient,  are  not  strictly 
correct,  inasmucli  as  tlio  foods  of  the  first  class  take 
some  part  in  the  production  of  heat,  while  those  of  the 
second  class  do  something  more  than  simply  maintain 
the  temperature  of  the  body. 

Proteids.  All  the  nitrogenized  inoximate  pri7iciples, 
viz.,  albumen,  fibrin,  casein,  gluten,  etc.,  derived  from 
animal  and  vegetable  tissues,  serve  as  food  stuffs,  and 
belong  to  this  division.  It  is  doubtful,  however,  whether 
gelatin  or  chondrin  possesses  any  nutritive  qualities. 

Proteid  matters  are  found  more  or  less  in  all  vege- 
tables ;  the  following  are  the  most  important : — Albumen, 
existing  in  the  seeds  and  fluids  of  most  vegetables  ; 
gluten,  found  in  abundance  in  lolieat  and  other  cereals, 
and  said  to  be  identical  in  composition  with  fibrin ;  and 
legumen,  the  nitrogenous  material  obtained  from  ;peas 
and  beans,  which  in  chemical  composition  is  like  casein. 

Heat  Producers.  Under  this  head  are  included  the 
fats  or  oleaginous  matters,  and  the  amyloids — starch, 
dextrine,  sugar,  gum.  The  fats,  as  already  stated, 
contain  a  greater  proportion  of  hydrogen  than  the 
amyloids,  consequently  they  possess  a  greater  amount 
of  oxidizable  material,  and  are  therefore  better  heat- 
producers. 

Inorganic  Food  Stuflfs.  As  the  composition  of  the 
body  embraces  certain  mineral  elements,  it  is  necessary 
for  its  proper  nourishment  that  small  quantities  of  these 
inorganic  matters  should  be  taken  into  the  system. 
They  are  generally  present  in  sufficient  quantities  in 
our  ordinai'y  food  stuffs. 

Water.  Although  water  is  not  generally  considered 
food,  yet  it  is  indispensable  to  the  well-being  of  the 
body,  and  therefore  a  certain  amount,  in  some  form  or 
other,  must  be  taken  daily. 

Oxygen  is  not  received  into  the  alimentai'y  canal,  and 
consequently  can  hardly  be  termed  food,  nevertheless 
it  is  so  essential  to  the  due  performance  of  the  functions 
of  the  system,  that  a  sufficient  quantity  must  be  regu- 
larly supplied. 
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Table  of  Food  Stuffs. 

/ 

Pioteids 

(nitrogenous) 

Organic  / 

Heat-givers 

{non-nitro(jenous) 

\ 

(Water 

Inorganic  ^  Saline  matters 

Necessity  of  a  Mixed  Diet.  No  one  of  the  classes 
ff  food  whicli  have  been  mentioned  is  capable  by  itself 
if  keeping  the  body  in  health  for  any  length  of  time, 
ils  a  matter  of  fact,  however,  most  of  the  ordinary  foods 
;contain  several  of  the  requisite  materials ;  for  instance, 
itread  contains  both  proteids  and  heat-givers,  besides 
r?ater  and  saline  matters.  At  the  same  time  these 
nagi'edients  do  not  exist  in  bread  in  the  proportions 
eequired  by  the  system. 

Milh  contains  every  variety  of  food  necessary  for  the 
mtrition  of  the  body  and  the  production  of  heat,  and  in 
nnch  proportions  that  infants  fed  upon  milk  alone  grow 
i.ud  thrive. 

It  has  been  proved  by  experiment  that  animals  may 
;;ve  for  a  very  considerable  time  npon  proteids  alone  ; 
i':at  this  kind  of  diet  is  neither  economical,  nor  likely 
■n  keep  the  body  in  a  healthy  condition.  Animals, 
:'owcver,  which  are  fed  exclusively  upon  heat  producers 
sugar,  etc.),  invariably  die  very  soon.  .  The  waste  of 
iiitrogenous  materials  not  being  made  good,  the  body 
becomes  emaciated.  The  animal  is  in  fact  starved,  just 
S8  though  it  had  been  kept  entirely  without  food.- 
Economy  of  a  Mixed  Diet.    It  has  been  estimated 


/  Gluten  \ 
I  Albumcu  I  ^ 

Fibrin  O'-yO''' 
Jsyntoniu 
\  Casein  ( 

Gelatin 
I  Clioudriny 


'Oleaginous — Fata 

/"Starch  1  Oxygen 

Amyloids  j  Dextrin  j  Hydrogen 

J  Gum  I  Carbon 
(.Sugar 
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tliafc  a  liealtliy  man  of  ordinary  size  throws  out  of  bis 
system  daily,  as  waste  matter,  about  4600  grains  of 
carbon  and  300  grains  of  nitrogen.  Now  in  order  to 
keep  such  a  man  in  health  it  is  necessary  that  his 
daily  food  should  contain  in  a  convertible  form,  at  least 
the  same  amount  of  carbon  and  nitrogen.  According 
to  Payen  1000  grains  of  bread  contain  about  300  grains 
of  carbon  and  10  grains  of  nitrogen.  If  therefore  a  man 
were  fed  upon  bread  alone,  he  would  require  30,000 
grains  in  order  to  get  the  300  grains  of  nitrogen ;  but 
this  amount  of  bread  would  yield  about  9000  grains  of 
carbon,  or  nearly  double  the  quantity  required. 

Again,  1000  grains  of  meat  contain  about  100  grains 
of  carbon  and  30  grains  of  nitrogen.  In  order  therefore 
to  obtain  4600  grains  of  carbon  it  would  be  necessary 
to  eat  46,000  grains  of  meat.  But  this  would  give  1380 
grains  of  nitrogen,  or  more  than  four  times  the  quantity 
required. 

The  following  table,  given  by  Dr.  Carpenter,  shows 
the  proportion  of  bread  and  meat  which  should  be  taken 
by  an  ordinary  man  to  supply  the  system  with  sufficient 
carbon  and  nitrogen  to  make  good  the  daily  loss  of  thesR 
materials  without  unnecessary  waste  of  either. 

Grains.  Grains.  Grains. 

15,440  of  Bread  contain  4630  of  Carbon  and  154  of  Nitrogen. 
4,630     Meat      „        463          „  154  „ 

20,070  5093  808 


From  this  table  it  will  be  seen  that  15,440  grains,  or 
about  2  lbs.,  of  bread,  and  4630  grains,  or  about  f  lb., 
of  meat,  will  supply  the  carbon  and  nitrogen  required 
daily  by  an  ordinary  man.  A  judicious  proportioning 
of  the  different  kinds  of  food  is  thus  shown  to  be 
economical,  for  the  total  amount  required  is  far  less 
when  properly  mixed  than  when  any  one  kind  of  food 
is  taken  exclusively. 

Variations  of  Food  Reqviisite.  Our  daily  supply 
of  food  requires  to  bo  varied,  both  in  kind  and  amount, 
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ccording  to  circumstances.    Wlieu  a  person  is  taking 
xercise  there  is  a  greater  waste  of  tissue  tlian  when  ho 
.-s  inactive  (p.  24)  ;  and  as  this  waste  of  tissue  is  made 
:;ood  by  the  materials  contained  in  nitrogenous  food,  it 
ollows  that  a  man  will  I'equire  more  nitrogenous  food 
vyhen  he  is  taking  active  exercise  than  when  he  is  idle. 

The  temperature  of  the  body  is  cliiefly  maintained  by 
Ihe  combustion  of  the  amyloids  and  fats  which  are 
fiiken  with  the  food.  Now  in  cold  climates  the  body 
OSes  a  greater  amount  of  heat  by  radiation  than  it 
iiloes  in  warmer  climates,  consequently  a  larger  pro- 
ijortion  of  these  combustible  materials  must  be  taken 
lis  food  in  order  to  maintain  the  body  at  the  proper 
temperature. 

An  infant  requires  much  more  nitrogenous  food  in 
uroportion  to  the  weight  of  its  body  than  an  adult, 
rrhis  is  just  what  we  should  expect,  when  we  consider 
lhat  in  a  child,  not  only  has  the  daily  waste  of  the  body 
oo  be  made  good,  but  new  tissues  have  also  to  be  formed 
irr  the  body  would  not  grow. 


CHAPTER  V. 
ALIMENTARY  CANAL  AND  DIGESTION. 

Digestion.  In  order  that  food  may  be  absorbed  and 
litted  for  the  nourishment  of  the  tissues,  it  must  bo 
lligested.  The  various  digestive  organs  and  their  special 
nunctions  will  now  be  considered  in  detail. 

Mouth.   The  mouth  is  the  cavity  into  which  the  food 
53  first  conveyed,  and  in  which  the  first  processes  of 
Iligestion  are  accomplished ;  the  floor  of  this  cavity  is 
ormed  by  the  tongue,  and  it  is  bounded  above  by  the 
lalate.    The  front  part  of  the  palate  is  strengthened 
ly  bone,  and  is  called  the  hard  palate ;  the  hinder  por- 
ion  has  no  bone,  and  is  termed  the  soft  palate.    This  soft 
■art  is  produced  behind  into  the  fleshy  body  known  as 
:he  uvida,  which  may  be  seen  hanging  down  at  the  back 
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of  the  moutli.  The  mouth  is  bounded  in  front  by  the 
lips  and  teeth,  and  at  the  sides  by  the  cJieeks  and  teeth. 

Teeth.  There  are  two  semicircular  rows  of  teeth, 
one  in  the  upper  and  one  in  the  lower  jaw  ;  each  row 
consisting,  in  the  adult,  of  16  teeth ;  (8  upon  each  side) 
making  in  all  32.  Each  tooth  consists  of  a  crown  and 
a  root  or  fang.  The  crown  is  the  portion  above  the 
gum,  covered  by  a  very  hard  substance  called  enamel. 
The  fang  is  embedded  in  the  jaw,  and  has  no  enamel.* 
At  the  junction  of  the  root  with  the  crown  there  is  a 
constriction,  termed  the  nech.  The  sockets  in  the  jaws, 
which  receive  the  fangs  of  the  teeth,  are  termed  alveoli. 


Fia.  18.   Teeth  :  1,  2,  incisori  J  3,  caiiine  ;  4,  B,  bicuspids  or  pien;iolai'S  ;  6,  7,  8,  molare. 


There  are  four  different  kinds  of  teeth  on  each  side, 
both  above  and  below.    Commencing  in  front,, these  are 

(a)  Tioo  incisors,  each  of  -which  has  a  shai'p  cutting 
edge,  and  only  one  fang. 

(b)  One  canine,  with  a  conical-pointed  crovra  and  one 
fang. 

(c)  Ttvo  bicuspids,  or  as  they  are  sometimes  called 
premolars,  having  somewhat  flattened  crowns  and  single 
fangs. 

(cZ)  Three  molars,  or  grinders;  these  are  the  true 
molars,  having  broad  crowns,  and  two  or  three  fangs 
each. 

The  upper  ^surfaces  of  the  molars  and  bicuspids  are 


*  For  the  microscopic  structure  of  the  teeth,  Bee  chapter  ou 
Histology,  p.  166. 
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not  smooth,  but  raised  into  points,  or  cus2)s,  the  bicuspids 
Having,  as  theii-  name  implies,  two  and  the  molars  four 
wfive  cusps. 
Thus  thei'e  are 

4  iucisors  above  and  below... 
2  canines       ,,  ,, 
4  bicuspids     ,,  ,, 
6  molars       ,,  „ 

Making  altogether  a  total  of   32  ,, 

A  child  when  born  has  no  teeth;  subsequently, 
liaowever,  it  has  two  sets.  The  first  set,  or  milk  teeth, 
.-gradually  appear  above  the  gums,  and  are  all  in.  place 
alt  about  the  age  of  two  years.  They  are  20  in  number, 
vviz. :  8  incisors,  4  canines,  and  8  grinders.  The  milk 
:teeth  are  shed,  and  the  second  set,  or  permanent  teeth, 
gradually  take  their  place. 

Salivary  Glands,  The  saliva  is  a  colourless,  limpid,  and 
^somewhat  alkaline  fluid,  containing  a  peculiar  substance 
icalled  ptyalin.  It  is  secreted  by  three  pairs  of  glands, 
which  are  named  from  their  several  positions  the  parotid, 
<suhmaxillary,  and  suhlingual  glands.  Besides  these  there 
lare  a  number  of  smaller  glands  opening  into  the  moutb 
iby  separate  ducts  and  known  as  buccal  glands. 

Each  j5«?"oiicZ  is  situated  just  in  front  of  the  ear,  upon 
[the  outer  side  of  the  lower  jaw,  and  its  duct  opens  into 
the  mouth,  upon  the  inner  side  of  the  cheek,  near  the 
.-second  molar  tooth. 

The  siihmaxillarij  glands  are  situated  within  and  a 
i little  below  the  lower  jaw  on  either  side;  while  the 
•sublinguals  are  more  forward  and  nearer  the  middle  of 
.the  tongue.  The  ducts  of  both  these  glands  open  just 
'  below  the  front  part  of  the  tongue. 

The  mouth,  in  common  with  the  rest  of  the  alimentary 
canal,  is  lined  with  mucous  membrane,  and  this  secretes 
a  certain  amount  of  fluid  which  becomes  mixed  with 
the  secretions  of  the  proper  salivary  glands. 

At  the  back  of  the  mouth  and  on  either  side  of  the 
uvula,  are  two  fleshy  pillars  called  the  fauces;  and 


=  Steoth. 
=    4  „ 


=  12 
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between  these,  one  on  each,  side,  are  the  glandular 
bodies  known  as  the  tonsils. 

Mastication  and  Insalivation.  The  food  which  has 
been  introduced  into  the  mouth  is  ground  down  by  the 
teeth.  In  this  process,  which  is  commonly  called  masti- 
cation or  clieiving,  the  teeth  of  the  upper  and  lower  jaws 
are  brought  together  by  the  action  of  the  masticating 
muscles,  so  that  substances  placed  between  the  teeth 
are  broken  or  crushed. 

The  presence  of  food  in  the  mouth  and  the  action  of 
the  mouth  in  mastication,  have 
such  an  influence,  through  the 
nerves,  upon  the  saHvary  glands 
as  to  cause  their  secretions  to  be 
poured  out  much  more  abun- 
dantly than  usual.  One  of  the 
uses  of  the  saliva  is  to  soften 
the  food  by  macerating  it ;  but 
its  most  important  function  is 
to  change  starch  into  dextrin, 
and  dextrin  into  sugar.  In 
this  way  insoluble  starchy  mat- 
ters are  rendered,  soluble,  and 
therefore  more  capable  of  being 
absorbed  and  made  use  of  by 
the  body.  The  saliva  does  not 
appear  to  act  directly  upon  any 
of  the  other  ingi-edients  of  food  ; 
but  experiments  show  that  food 
mixed  with  saliva  is  much  more  readily  digested  in 
the  stomach,  than  food  which  has  been  simply  mixed 
with  water. 

Swallowing  or  Deglutition.  When  the  food  has 
been  sufficiently  masticated,  it  is  I'olled  into  a  holus,  and 
pushed  by  the  tougue  through  the  fauces  into  a  kind  of 
muscular  funnel  called  the  plianjiix. 

Just  above  the  fauces  the  two  nasal  passages  open 
into  the  pharynx  by  two  apertures  called  the  posterior 
naves ;  and  below,  at  the  back  of  the  tongue,  is  another 


FiQ.  19.  Face  dissected  to  show 
Btilivary  gl.inds  ;  a,  imrotid  gland  ;  h, 
its  duct  iiassing  foi-ward  to  enter  tlie 
mouth ;  c,  submaxillary  glauu,  the 
duct  of  whicli  is  not  shown  ;  d,  is 
placed  upon  the  lower  jaw  close  to 
the  facial  artery  ;  e,  hyoid  bone ;  /, 
masseter  muscle,  one  of  those  used 
in  mastication.  (Quain.) 
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aperture  termed  the  glottis,  wliicli  leads  into  the  lungs. 
When  the  food  presses  against  the  uvula,  it  tends  to 
cover  the  posterior  iiares,  so  as  to  prevent  the  food 
from  passing  into  the  nasal  chambers.  Similarly  there 
is  immediately  above  the  opening  of  the  glottis,  a  kind 
of  lid  called  the  epiglottis,  which,  when  the  tongue 
presses  the  food  through  the  fauces,  shuts  down  over 
the  glottis,  and  prevents  any  portion  of  the  food  from 
falhng  into  that  aperture.  The  jj/tar^na}  is  continued 
below  into  the 
muscular  tube 
called  the  ceso- 
phagus,  which 
is  placed  direct- 
ly in  front  of 
the  vertebral  co- 
lumn, and  passes 
downwards  into 
the  stomach.  As 
soon  as  the  food 
passes  into  the 
pharynx,  the 
muscles  of  its 
walls  are  stimu- 
lated to  con- 
tract    so    as    to       f'>a-  20.  View  of  the  interior  of  the  Btomnoh  and  dnodenom  : 

'  ..         a,  cardiac  dilatation  ;  6,  pylorus  ;  c,  oesophagus  ;  d,  lesser  curva- 

COnstriCt  the    tureje.  greater  curvature;  /.duodenum;  j,  gall-bladder;  h, 

,  1  •    I         biliary  duct ;  i.  paucreatic  duct ;  k,  common  opening  of  the  bile 

tube  immediate-  and  pancreatic  ducts.  The  transverse  folds  iu  the  duodenum 
,  T  . ,        nre  the  valvula  conniventes.  (Groy.) 

ly    above  the 

bolus  of  food.  The  constriction  passing  gradually  and 
regularly  downwards  along  the  oesophagus,  pushes  the 
food  before  it  until  it  reaches  the  stomach. 

Stomach.  The  stomach  is  a  somewhat  conical  sac, 
having  strong  muscular  walls.  Its  upper  border  forms 
a  short  concave  lesser  curvature;  while  its  lower  border 
foi'ms  a  long  convex  greater  curvature.  This  organ  is 
situated  below  the  diaphragm,  and  is  partly  covered  by 
the  lobes  of  the  liver.  The  oesophagus  opens  into  the 
upper  part  of  its  larger  or  cardiac  end,  by  what  is 
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tevmecl  the  cardiac  orifice.  The  smaller  end  of  the 
stomach  is  continued  into  the  intestine ;  the  aperture  of 
communication,  called  the  pylorus,  is  surromaded  by  a 
collar  of  muscular  fibres  termed  a  f;phinclcr. 

The  stomach  is  lined  by  a  mucous  membrane,  which 
gives  it  a  soft  and  velvety  appearance.  When  not  dis- 
tended by  food  the  interior  is  tra- 
versed by  numerous  longitudinal 
folds,  and  is  of  a  pale  pinkish  co- 
lour. If  the  mucous  membrane  be 
closely  examined,  it  will  be  seen  to 
exhibit  a  kind  of  honeycombed  ap- 
pearance. A  section  through  the  wall 
of  the  stomach  (fig.  21)  shows  it  to 
be  composed  of  three  principal 
layers,  1st,  the  peritoneum ;  2ud, 
bands  of  unstriped  muscular  fibre, 
arranged  in  several  layers,  and  run- 
ning in  various  du'ections ;  3rd,  the 
mucous  membrane,  in  which  the 
gastric  glands  are  lodged. 

Gastric  Glands.  A  careful  examin- 
ation of  the  surface  of  the  mucous 
membrane,  shows  that  besides  the 
honeycombed  appearance  there  are 
greab  numbers  of  minute  pores. 
These  are  the  openings  of  the 
gastric  glands ;  6,  muscular  qastric  qlands  which  are  sho'wn  m  sec- 

Inyer  of  mucous  membrane;    y.  .  *'   «       n-t       mi  i    •        i  i 

tion  m  ng.  21.  The  gastric  glands 
are  of  two  kinds.  (1)  Those  situ- 
ated near  the  pylorus,  which  are 
lined,  quite  to  their  inner  ends,  with  a  layer  of  columnar 
epithelmm  (p.  159),  they  are  long  straight  tubes,  which 
at  their  inner  ends  may  be  simple,  as  in  fig.  21,  or 
divided  into  several  branches.  As  they  are  supposed 
to  secrete  mucus  only,  they  are  called  mucous  glands. 
(2)  In  other  parts  of  the  stomach  the  glands  are  only 
partly  lined  with  columnar  epithelium,  the  inner  por- 
tions being  filled  with  irregular  cells  (fig.  22).    It  is 


Fig.  21.  Vertical  section  of 
the  wall  of  n  piK's  stomach 
(magnified  30  diameters):  a, 


c,  BubmucouB  layer ;  d, 
longitudinal  and  transverse 
layers  of  muscular  fibres  ;  /, 
eerous  coat.  {Kolltkcr.) 
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these  which  secrete  the  proper  r/astrio  juice;  and  as 
this  fluid  contains  the  pccuhar  substance  called  iiciis'm, 
they  are  termed  peptic  glands. 

Beside  the  glands  ah-eady  mentioned,  there  are  found 
scattered  over  the  surface  of  the  in- 
terior of  the  stomach  a  large  num- 
ber of  small  sac-like  glands  called 
the  lenticular  follicles. 

All  these  glands  are  surrounded 
by  a  network  of  bloodvessels. 

Gastric  Juice  and  its  Action 
upon  Food.  When  the  stomach 
is  empty  its  walls  ave  of  a  pale 
tint,  and  there  is  no  proper  gas- 
tric fluid  secreted.  Directly  food 
is  introduced,  a  nervous  action  is 
set  up  which,  causes  the  bloodvessels 
to  become  more  distended  with 
blood,  and  the  gastric  juice  is  then 
secreted,  and  commences  to  act 
upon  the  food.  This  juice  is  a  dis- 
tinctly acid  fl.uid,  the  acidity  being 
due  to  the  presence  of  free  hydrochloric  acid.  But  the 
most  important  constituent  of  the  gastric  juice  is  pepsin, 
which  is  most  active  in  dissolving  the  proteids  of  the 
food.  Both  the  acid  and  the  pepsin  are  necessary  for 
proper  digestion. 

The  gastric  juice  has  the  power  of  dissolving  the  ni- 
trogenous constituents  of  the  food,  but  has  no  direct  ac- 
tion upon  the  fatty  or  starchy  matters.  The  acid  which 
it  contains  neutralizes  the  alkali  of  the  saliva,  and  stops 
the  action  of  the  ptyalin,  so  that  in  the  presence  of 
gastric  juice,  starch  is  no  longer  converted  into  sugar. 

The  presence  of  food  in  the  stomach  causes  certain 
contractile  movements  in  its  walls,  which  materially 
assist  digestion  by  mixing  the  food  more  intimately 
with  the  gastric  fluid. 

The  result  of  the  action  of  the  gastric  fluid  upon  the 
various  kinds  of  food  is,  that  they  are  more  or  less 


Fig.  22.  A  peptic  gland, 
from  cardi.'ic  portion  of  liuiiiau 
stomach  (magiiilied  50  dia- 
meters) :  a,  cyliutli'ical  epithelial 
cells  ;  b,  spherical  secretiug  cells. 
(KSUiker.) 
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completely  dissolved  and  reduced  to  a  thin  pulp,  wliicli 
is  then  called  cliyme. 

Albuminous  materials  undergo  a  very  considerable 
change,  losing  some  of  their  chief  characteristics,  T\-hen 
acted  upon  by  gastric  juice.  For  instance,  albumen  loses 
its  property  of  coagulating  by  heat,  and  gelatin  will 
no  longer  solidify  when  cooled  ;  so  that  when  dissolved 
in  gastric  juice,  the  albuminous  principles  cannot  be 
distinguished  from  one  another.  In  this  condition  they 
are  all  known  by  the  one  name  oi  feijtone. 

Part  of  the  fluid  of  the  chyme  is  absorbed  by  the 
vessels  of  the  stomach.    {^Absorption,  p.  62.) 

The  Intestine.  The  intestine  is  divided  into  two 
portions,  which  differ  considerably  in  diameter,  and  are 
hence  termed  the  small  and  the  large.  The  small  intes- 
tine is  continued  from  tlie  stomach,  and  is  in  the  human 
adult  about  twenty  feet  in  length.  The  large  intestine 
is  continuous  with  the  small,  and  is  from  four  to  six  feet 
in  length. 

The  Small  Intestine  is  generally  divided  into  three 
portions,  but  there  is  no  definite  line  of  demarcation 
between  them.  That  portion  of  the  intestine  which 
immediately  succeeds  the  stomach  is  termed  the  duo- 
denum.  It  is  about  ten  inches  in  length,  bent  round  upon 
itself,  and  more  fixed  by  the  peritoneum  than  any  other 
portion.  The  common  duct  of  the  liver  and  pancreas 
Oldens  into  the  duodenum.  Jejwmm  and  ileum  are  the 
names  given  to  the  other  two  portions  of  this  intestine. 

The  walls  of  the  small  intestine,  like  those  of  the 
stomach,  consist  of  three  layers,  viz.:  1,  the  mucous; 
2,  the  muscular;  and  3,  the  serous  ov  i^eritoneal. 

(1)  The  mucous,  or  internal  layer,  is  raised  up  into 
numerous  transverse  folds,  called  valvidai  conniventes. 
These  are  found  closely  set  in  the  duodenum  ajid  jeju7mm, 
but  they  afterwards  grow  fewer  in  number,  and  cease 
at  about  the  middle  of  the  ileum.  They  serve  to  increase 
the  absorbing  surface  of  the  intestine,  and  also  prevent 
the  more  liquid  products  of  digestion  from  passing 
down  too  quickly. 
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The  viUi  arc  fine  tliread-like  processes  covering  the 
snrfaco  of  the  mucous  membrane  of  the  small  intesline 
like  the  pile  of  velvet.  Each  villus,  in  common  with 
the  rest  of  the  mucous  membrane  of  the  intestine,  lias 
an  outer  layer  of  columnar  epithelium.  Within  this  is 
a  network  of  blood  capillaries,  and  occupying  the  centre 
of  the  villus  is  a  single  lacteal  vessel,  which  is  occasion- 
ally looped.  {Absorption,  p.  52.)  Between  the  lacteal 
vessel  and  the  blood  capillaries,  exists  a  delicate  layer 
of  unstriped  muscular  fibres. 

The  function  of  the  villi  is  to  absorb  the  nutritive 
materials  from  the  products  of  digestion.  The  manner 
in  wbich.  this  is  accomplished  will  be  considered  further 
on. 

(2)  The  muscular  coat  is  composed  entirely  of  unstriped 
fibres  (p.  168),  divided  into  two  layers.  In  the  outer 
layer  the  fibres  run  longitudinally,  whilst  in  the  inner 
they  are  arranged  in  circles  around  the  intestine.  It  is 
these  muscular  fibres  which  produce  the  peculiar  move- 
ments of  the  intestine  called  peristaltic  contractions. 
The  manner  in  which  this  takes  place  is  as  follows  : — 
The  circular  muscles  contract  at  a  certain  point,  and 
thus  reduce  the  diameter  of  the  intestine,  the  longitu- 
dinal fibres  also  contracting  at  the  same  part ;  then  the 
fibres  immediately  below  this  point  contract,  and  the 
former  become  relaxed,  and  this  being  continued  in 
regular  succession  downwards,  a  constriction  travels 
along  the  intestine  towards  the  rectum.  The  peristaltic 
movements  of  the  intestine  can  be  seen  if  the  abdomen 
of  an  animal  be  opened  directly  it  is  killed. 

(3)  The  serous  layer  is  that  portion  of  the  peritoneum 
which  is  reflected  over  and  adheres  closely  to  the 
outer  surface  of  the  intestine. 

The  Large  Intestine.  At  the  point  where  the  large 
and  the  small  intestines  join,  the  mucous  membrane  i'j. 
raised  into  a  fold  called  the  ileo-ccecal  valve,  which 
guards  the  opening  of  the  ileim,  and  prevents  the  chyle 
passing  back  into  the  sm.all  intestine.  At  the  same  place 
there  is  also  a  pouch-like  dilatation  of  the  large  intestine 


46 


ANIMAL  PHYSIOLOGY. 


called  iLc  cceciim,  and  at  the  extremity  of  tins  is  a  small 
woi'm-like  body  termed  tlie  vermiform  appendix. 

The  large  intestine  is  divided  into  the  colon  and  the 
redum.  The  parts  of  the  colon  are  named  from  the 
position  they  occupy,  the  ascending,  transverse,  and 
descending  portions ;  the  last  of  these  being  continued 
into  the  rectum,  which  ia  dilated,  but  again  contracted 
at  its  termination. 

The  walls  of  the  large  intestine,  like  those  of  the 
small,  are  comjiosed  of  three  coats  or  layers.  In  the 
ccecum  and  colon,  however,  the  longitudinal  muscular 
fibres  are  arranged  in  three  bands,  and  these  being 
shorter  than  the  other  coats,  the  walls  are  puckered  up 
and  thrown  into  a  kind  of  pockets  or  sacculi.  This  is 
not  the  case  in  the  rectum.  The  anal  aperture,  like  the 
pylorus,  is  surrounded  by  a  strong  ring  of  muscular 
fibres,  or  sphincter;  whicb  keeps  it  securely  shut,  except 
during  defecation. 

The  Glands  of  the  Intestine  are  of  three  kinds. 
1.  LieherMlhn's  glands  or  follicles,  which  are  simple 
tubular  depressions  of  the  mucous  membrane.  They 
are  present  in  all  parts  of  both  intestines,  but  are  largest 
in  the  large  intestine,  more  particularly  towards  its  ter- 
mination. 

2.  Peyer^s  glands.  These  consist  of  an  oval  sacculus 
imbedded  in  the  mucous  membrane,  and  richly  supplied 
with  bloodvessels,  but  apparently  without  any  aperture. 
Tliey  occur  separately  or  aggregated  in  patches,  and  in 
tlie  small  intestine  only,  chiefly  near  the  ileo-ca3cal  valve. 
Glands  very  similar  to  these  occur  in  the  large  intestine, 
chiefly  in  the  caecum  and  vermiform  appendix,  and  have 
been  teiToed  lenticular  glands. 

3.  Briinner's  glands  are  confined  to  the  duodenum  ; 
they  arc  minute  lobulatcd  bodies,  situated  in  -the  most 
internal  portion  of  the  mucous  layer,  and  opening  by 
special  ducts  upon  the  surface. 

The  Liver.  The  liver  is  a  large  glandular  organ,  of 
a  dark  red  colour,  situated  immediately  below  the 
diaphragm.    It  is  the  largest  gland  in  the  body,  and  in 
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(lie  adulfc  Aveiglis  about  four  pounds.  It  lias  .ni  incom- 
plete covcrino-  of  peritoneum.  Its  upper  part  is  rounded, 
and  fits  into  the  arch  formed  by  the  diaphragm.  Below, 
the  liver  is  irregularly  concave,  and  divided  by  deci) 
fissures  into  several  portions  called  lobes.    It  rests  upon 

the  stomach,  duo- 
denum, right  kid- 
^  ney,    and  some 

other  parts.  At 
the  hinder  part 
and  towards  the 
right  side  the 
lobes  are  thick, 
but  in  front  they 
are  tlunner.  The 
chief  supports  of 
the  liver  are  three 
bands  of  fibrous 
tissue,  formed  by 
the  peritoneum, 
known  as  the 
broad  and  the  two 
lateral  ligaments. 
Each  lobe  of  the  liver  is  found  upon  close  inspection 
to  be  formed  of  a  great  number  of  small  bodies,  called 
lobules  or  acini,  about  -^^  of  an  inch  in  diameter.  Each 
lobule  consists  of  an  aggregation  of  nucleated  cells 
(p.  158)  called  the  hepatic  cells,  among  which  ramifies  a 
close  network  of  capillaries.  The  liver  is  supplied  with 
blood  from  two  sources ;  yZ/'si,  the  hejjatic  artery,  which 
is  given  off  directly  from  the  aorta,  supplies  arterial 
blood;  and,  second,  i]xQ 'portal  vein,  brings  the  blood  that 
has  circulated  thi'ougli  the  vessels  of  the  intestines,  etc., 
which  is  consequently  venous.  The  blood  leaving  the 
liver  is  collected  into  several  vessels  called  the  liejKiiic 
i^eins,  which  open  into  the  vena  cava  inferior. 

The  distribution  of  the  bloodvessels  in  the  liver  is 
somewhat  complicated.  The  maimer  in  which  they 
enter  that  organ  will  be  best  undei'stood  by  reference  to 


Fiu.  23.  The  liver  turned  over  from  left  to  right,  so  as  to 
show  the  under  siu-fiioa :  «.  right  lohe ;  6,  left  lobe  ;  c,  vena 
cava  inferior  ;  d,  left  hepatic  veiu  ;  e,  vena  port«i ;  f,  hepatic 
artery  ;  g.  gall  bladder  ;  from  its  smaller  end  tlie  cystic  duct 
is  seen  passing  to  join  the  hepatic  duct,  h  ;  i,  the  rouud  liga- 
meut. 
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Fia.  24.  Portion  of  pig's  liver, 
somewhat  eiilivrged.  The  section 
has  beeu  curried  througli  a  largo 
hepatio  vein,  into  -svhich  tiie 
smaller  veins,  a,  are  seen  open- 
ing. The  lobules,  or  acini,  [>, 
surround  the  veins. 


lig.  23,  which  gives  a  view  of  the  liver  from  below. 
The  2^ortal  vein,  lieijatic  artery,  and  hepatic  duct,  accom- 
pany each  other  in  their  ramification  among  the  lobules. 
The  i^ortal  vein  subdivides  into  small  branches  which 
run  between  the  lobules  (and  are  therefore  called  inter- 
lohular  vessels),  and  give  oflf  still 
smaller  branches,  which  penetrate 
the  lobules,  and  break  up  into  a  dense 
capillary  network,  in  the  meshes  of 
which  are  the  hepatic  cells.  These 
capillaries  are  then  collected  into  a 
vessel  called  the  intra-lohular  vein, 
which  occupies  the  centre  of  each 
lobule,  and  opens  into  one  of  the 
branches  of  an  hepatic  vein.  The 
hepatic  artery  also  sends  out  between 
the  lobules  branches  which  commu- 
nicate with  the  capillary  network 
within  each  lohule. 

The  liver  is  continually  secret- 
ing a  fluid  called  hile,  which  is  conveyed  into  the  duo- 
denum  by  a  tube  known  as  the  hepatic  duct. 

When  digestion  is  not  going  on  the  aperture  by  which 
the  hepatic  d^ict  communicates  with  the  duodenum  is 
closed,  and  the  hile  flows  into  a  sac  called  the  gall 
hladder,  where  it  is  stored  up  until  required.  The  gall- 
bladder is  connected  with  the  hepatic  duct  by  a  tube 
called  the  ci/stic  duct. 

The  subdivisions  of  the  hepatic  duct  have  been  clearly 
traced  as  far  as  the  surface  of  the  lohules ;  but  concerning 
the  manner  in  which  the  branches  terminate,  there  is 
some  diversity  of  opinion ;  probably  the  ultimate  ramifi- 
cations communicate  with  spaces  between  the  hepatic 
cells  (fig.  25).  Although  we  may  not  be  quite  clear  as 
to  how  it  is  accomplished,  yet  it  is  certain  that  the 
fluid  secreted  by  the  lohides  finds  its  way  into  the 
hepatic  duct. 

Functions  of  the  Liver.  Besides  the  important 
function  of  secreting  hile,  the  liver  possesses  the  power 
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1  of  materially  altering  tlie  condition  of  some  of  tlio 
(  constituents  of  the  blood  passing  through  it,  and  this 

results  in  the  for-       rJ  ^\ 

mationof  thekind  \    \  \  €\J) 

of    sugar   called  \  ii^'!5sQi/fe4^i^^ 

glucose  or  grape  spiiP^^J^P^T^^'^/^ 

sugar. 

Bile.    The  lih  4' 

is  a  sliglitly  alka- 

line,  yellow  fluid,  ^^^^^^^^^^^^^P 
•with,  a  very  bitter      ^^^1^^^^  ^  y Z^O^^^^'' 
taste.    About  30  ^MP^TjP^^^^ 
or  40  ounces  are      ^^^^^^^^  \m/f 
secreted      daily.  ^^^''^AA^^i^nv^ 
This       secretion         ^1^^^^  J^l  3  Ww 
takes  place  con-  ^ttp^  f  / 

tinually,  but  is  in-  J^P  S^^ 

creased  when  di-  » 

•         •        _  Fio.  25.    A  section  of  injected  rabbit's  liver,  much  magni- 
geStlOniSgOmgOn.  fled:  a,  iuterlobuliir  blood-vessels;  b,  ii+ralobuJia-  blood- 
T^l-i         fr-illz-t-rxri-nr*  c.Tpillaries ;  c,  siiaces  between  the  cells  which  have  beeu 
J.n0      lOllOWmg  iujectod  from  the  hepatic  duct;  d,  liver  cells,  with  nuclei. 

table  will  serve  to  * 

show  tbe  composition  of  hile,  although  the  proportions 
of  tlie  constituents  vary  in  different  examples. 

Ox  Gall  or  Bile. 

Water   880-00 

?Lrola°ofS.}  Bili.      .       .      .      .  9000 

BmM^}"'»°'"'e  ....  13-42 
Fat  and  Cholesterin      .-      .  ) 

Mineral  matters   15*24 

Mucus   1-34 


1000-00 

The  most  important  of  the  above  constituents  are  the 
tauroclwlate  and  gly-cocliolate  of  soda,  which  form  the 
bilm. 

That  the  hile  is  derived  from  blood  brought  to  the 
liver  by  the  ;portal  vein,  and  not  from  that  brought  by 
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tlie  hepatic  artery,  has  been  proved  by  experiment. 
When  the  hepatic  artery  of  a  dog  was  tied  so  as  to 
prevent  its  blood  passing  into  the  liver,  the  bile  con- 
tinued to  be  secreted  ;  but  ■when  a  similar  ligature  -was 
put  round  the  portal  vein,  the  secretion  of  bile  ceased. 

Two  purposes  are  served  by  the  secretion  of  bile,  viz., 
the  elimination  from  the  blood  of  certain  deleterious 
substances,  and  the  formation  of  a  fluid  which  assists 
in  the  process  of  digestion.  The  uses  of  the  bile  are 
very  imperfectly  understood.  It  neutralizes  the  acidity 
of  the  chyme,  and  has  the  effect  of  reducing  fatty 
matter  to  a  fine  state  of  division,  or  kind  of  emulsion ; 
being  alkaline,  it  also  mixes  to  some  extent  with  the  fats, 
and  so  forms  a  kind  of  soap,  which  is  very  easily  ab- 
sorbed by  the  lacteals.  It  also  moistens  the  villi,  and 
enables  them  to  absorb  more  readily.  A  certain  por- 
tion of  the  hile  is  re-absorbed  by  the  intestine,  but  it 
becomes  so  entirely  changed  that  it  cannot  be  detected 
in  the  blood. 

Ohicose.  Although  no  trace  of  saccharine  matter 
may  be  discernible  in  the  blood  of  the  hepatic  artery  or 
portal  vein,  yet  the  blood  which  leaves  the  liver  by  the 
hepatic  vein  always  contains  more  or  less  glucose.  This 
has  been  proved  in  the  case  of  animals  fed  entirely  upon 
flesh,  where,  although  no  sugar  was  taken  into  the 
system,  yet  glucose  could  always  be  found  in  the  hepatic 
vein.  The  formation  of  glucose  in  the  liver  may  be  shown 
in  another  way  :  take  the  liver  from  an  animal  just  killed, 
and  wash  out  the  bloodvessels  by  forcing  water  into 
the  portal  vein  until  it  issues  from  the  hepatic  vein  free 
from  sugar.  If  now  the  liver  be  kept  in  a  warm  place 
for  some  hours,  abundance  of  sugar  will  be  found  in  it. 
Glucose  is  not  formed  directly  from  the  blood;  but 
glycogen,  an  amyloid  substance  resembling  starch,  is  fia-st 
produced,  and  then  quickly  changed  into  glucose  by  a 
process  of  fermentation  in  the  blood. 

Pancreas,  The  pancreas,  commonly  called  the  sweet- 
bread, is  a  tongue-shaped  gland,  of  a  pale  cream  colour. 
It  is  situated  behind  the  stomach  (fig.  26),  its  lai'ger 
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end  being  placed  in  the  cnrve  of  the  duodenum,  and  its 
smaller  in  contact  with  the  spleen.  It  is  very  similar  in 
structure  and  function  to  the  salivary  glands.  The  small 
vessels  conveying  the  pancreatic  secretion  from  the 
lobules  nnite  to  form  the  single  pancrecdic  dud,  which 
generally  opens  into  the  hepatic  duct  near  its  entrance 
into  the  dtiodenum,  but  sometimes  into  the  duodenum 
itself.  The  se- 
cretion of  pan- 
creatic fluid  is 
much  less  con- 
stant than  that 
of  bile.  It 
takes  place 
chiefly  during 
digestion,  and 
flows  into  the 
duodenum.  The 
pancreatic  fluid 
when  fresh  is 
alkaline,  and 
contains  a  sub- 
stance called 
pancreatin.  It  resembles  saliva,  but  contains  no 
sulpliocyanide  of  potassium.  By  it  starch  is  converted 
into  dextrine  and  sugar;  and  in  conjunction  with  the 
hile  it  assists  in  converting  the  chyme  into  cliyle. 

Intestinal  Digestion.  We  have  already  seen  that 
the  starchy  matters  of  the  food  are  partly  converted  into 
sugar  by  the  saliva  (p.  40),  and  that  this  process  is  to  a 
greater  or  less  extent  stayed  in  the  stomach  by  the  efi'ect 
of  the  acid  of  the  gastric  juice  upon  the  ptyalin  (p.  43). 
The  nitrogenous  materials  being  acted  upon  by  the 
gastric  juice,  are  more  or  less  dissolved,  and  the  fatty 
matters  are  broken  up,  and  mixed  with  the  other  con- 
stituents of  the  food.  The  fluids  in  the  stomach  and  the 
portions  of  nitrogenous  matter  which  are  in  a  state  of 
solution  are,  to  a  considerable  extent,  absorbed  by  the 
walls  of  the  stomach. 


Fig.  26.  View  of  tlie  spleen  and  pancreas,  the  stomach  .and  Uver 
having  been  turned  up  so  as  to  expose  them  :  a,  spleen,  with  its 
blood-vessels  ;  b,  pancreas,  part  of  its  snrface  has  been  removed  to 
show  its  duct ;  c,  under  snrface  of  stomach  ;  d,  liver;  e,  gall  blad- 
der; /,  duodenum  ;  ij,  aorta,  {(luain.) 
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The  clianges  wliich  the  food  undergoes  in  the  intestines 
have  now  to  be  considered.  The  chyme,  passing  through 
the  pylorus,  enters  the  duodenum,  and  is  acted  upon  by 
the  hile,  ^pancreatic  juice,  and  by  the  fluids  secreted  by 
Brunner\  and  LieherJciihn's  glands ;  but  the  precise 
mode  in  which  each  of  these  fluids  acts  is  not  known. 

The  most  important  change  which  the  chyme  under- 
goes in  the  intestine  is  that  its  fatty  matters  are  so 
emulsified  and  otherwise  altered  as  to  make  them  easy 
of  absorption  by  the  villi.  The  alkali  of  the  bile 
neutralizes  the  acid  of  the  gastric  juice,  and  the  con- 
version of  starch  into  sicgar  which  was  almost  stopped  in 
the  stomach  now  goes  on  again  rapidly.  These  changes 
convert  the  chyme  into  what  is  known  as  chyle.  Nitro- 
genous matters  also  continue  to  be  dissolved  in  the 
intestine. 

The  peristaltic  movements  of  the  intestine  (p.  45), 
cause  the  chyle  to  move  towards  the  lower  parts  of  the 
bowel,  the  nutritive  portions  being  absorbed  as  they  pass 
along.  It  appears  that  most  of  the  fatty  matters  find  their 
way  through  the  epithelium  of  the  villi  into  the  lacteal 
vessels,  while  the  nitrogenous  and  saccharine  consti- 
tuents are  absorbed  chiefly  by  the  blood  capillaries  of 
the  villi. 

As  tlie  chyle  approaches  the  end  of  the  small  intestine, 
it  becomes  moi'e  and  more  alkaline,  and  most  of  the 
nutritive  matters  with  a  certain  proportion  of  the  fluids 
have  been  absorbed.  But  soon  after  passing  the  ileo- 
c8Bcal  valve,  it  again  becomes  acid.  This  is  probably 
due  to  the  fermentation  of  some  portion  of  the  food. 
Absorption  of  the  nutritive  matter  and  fluids  still  goes 
on  in  the  large  intestine,  but  to  a  much  less  extent 
than  in  the  small.  Those  portions  of  the  food  which 
are  not  digested  as  they  pass  along  the  intestine  become 
more  and  more  solid,  and  acquii-e  a  peculiar  coloui 
and  odour;  the  colour  being  due  to  the  colouring 
matters  of  the  bile.  They  are  then  collected  in  the 
rectum,  and  periodically  expelled. 

Absorption.    The  manner  in  which  the  fatty  portions 
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of  the  chyle  find  tlieiv  way  through  the  walls  of  the  villi 
into  the  lacteal  vessels  is  not  yet  definitely  known.  It 
appears  that  the  fatty  particles  in  an  extremely  fine 
state  of  subdivision,  are  first  absorbed  by  the  epithelial 
cells  of  the  mucous  membrane,  and  then  pass  into  the 
lacteal  vessels ;  but  how  they  pass  from  the  one  to  the 
other  is  not  known. 

The  absorption  of  solutions  of  sugar,  albumen,  etc., 
by  the  capillaries  is  effected  by  the  physical  process 
called  osmosis.  It  is  found  that  when  two  fluids  of 
different  densities  are  separated  from  each  other  only 
by  a  membrane,  they  pass  through  the  membrane  to 
each  other,  the  one  that  is  less  dense  passing  through 
much  more  rapidly  than  the  other.  The  passage  of  a 
less  dense  to  a  denser  fluid  has  been  termed  endosmosis ; 
while  the  passing  of  a  denser  to  a  less  dense  is  known 
as  exosmosis. 

Hunger  and  Thirst.  The  sensation  of  Imnger  is  felt 
in  the  region  of  the  stomach.  It  does  not,  however,  de- 
pend simply  upon  the  condition  of  that  organ,  but  arises 
from  a  want  of  nourishment  in  the  tissues  generally. 

Nutriment  introduced  into  the  blood,  without  going 
into  the  stomach,  relieves  the  sensation  of  hunger. 
Solid  substances,  even  if  they  are  not  adapted  for  food, 
will,  however,  when  introduced  into  the  stomach,  allay  the 
feeling  for  a  time. 

The  sensation  of  thirst  is  experienced  apparently  at 
the  back  of  the  mouth  and  fauces ;  but  is  due  to  a  want 
of  liquid  in  the  blood  of  the  system  generally. 

Thirst  is  only  relieved  for  a  very  short  time  by 
moistening  the  fauces  ;  but  by  introducing  liquid  into 
the  stomach,  where  it  may  be  absorbed,  or  directly  into 
the  blood,  the  sensation  is  completely  relieved. 

Practical  Section. 

Examination  of  the  Alimentary  Canal.  The  various  parts  of 
the  alimentary  canal  should  now  be  carefully  examined,  and  the 
student  should  read  the  descrii^tions  of  the  various  organs  given 
in  the  former  portions  of  this  chapter,  and  compare  them  with 
the  parts  of  the  rabbit. 
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A  rabbit  recently  killed  should  be  laid  upon  its  side,  and  an 
incision  made  in  tlio  skin  from  tbo  corner  of  the  mouth  backwards 
to  the  shoulder,  and  the  skin  turned  aside  and  removed  from  the 
whole  side  of  the  head  and  lower  jaw.  The  parotid  gland  will  be 
found  just  below  the  ear,  and  the  membranes,  etc.,  which  cover 
it  should  be  carefully  dissected  off.  ^The  suhmaxillarij  lies  below 
and  within  the  jaw.  The  suhlinpual  glands  should  be  sought  for, 
but  they  will  require  more  careful  dissection. 

The  lower  jaw  of  the  side  being  examined  should  now  be 
removed:  to  do  this,  first  separate,  with  a  strong  knife,  its  two 
halves  at  their  junction  in  front ;  then  cut  through  the  muscles 
of  the  cheek  and  other  parts  by  which  the  lower  jaw  is  attached, 
and  remove  it  from  its  socket.  This  will  lay  open  the  cavity  of 
the  mouth.  The  teeth  will  be  seen  to  be  very  difierent  from  those 
of  man.  The  tongue,  palate,  and  uvula  should  next  be  examined. 
The  animal  may  then  be  laid  upon  its  back,  and  the  abdomen  and 
thorax  opened  as  before  described.  There  will,  however,  be  no 
occasion  to  leave  the  band  between  the  two  cavities  as  was  then 
done. 

A  wire  with  a  rounded  end  should  be  passed  down  the  throat 
until  it  enters  the  stomach,  and  the  tube  through  which  the  wire 
passes  (the  cesophagus)  be  laid  open  with  the  knife. 

The  cesophagus  is  now  cut  across  just  below  the  diaphragm, 
and  the  portion  attached  to  the  stomach  held  with  the  forceps  so 
as  to  raise  the  stomach,  the  mesentery  being  cut  through  to  allow 
the  stomach,  with  the  liver  and  intestine,  to  be  removed.  The 
lower  part  of  the  rectum  should  be  tied  tightly  round,  and  then 
cut  through  below  the  ligature.  The  stomach  may  be  separated 
from  the  intestine,  opened,  and  washed,  and  then  examined  with 
a  hand-lens.  The  same  may  be  done  with  portions  of  the  small 
and  large  intestine,  and  the  differences  between  the  internal  sm- 
faces  of  these  parts  noticed. 

Many  of  the  more  minute  parts  mentioned  in  the  text,  such  as 
the  structure  of  the  liver  and  of  the  walls  of  the  stomach,  etc., 
are  only  to  be  made  out  by  special  modes  of  preparation  and  with 
the  aid  of  a  microscope. 

Artificial  Digestion.  Digestion  may  be  imitated  in  the  fol- 
lowing manner.  Take  the  stomach  of  a  newly  kiUed  rabbit,  and 
having  laid  it  open,  scrape  off  the  mucus  from  its  sm-face,  and 
mix  it  thoroughly  with  diluted  hydrochloric  acid  (one  part  of 
acid  to  100  of  water),  put  the  solution  of  pepsin  thus  formed  into 
a  bottle  along  with  a  small  portion  of  lean  meat  chopped  fine. 
Keep  the  liquid  continually  agitated  at  a  temperatiu-e  of  about 
100°  F.,  and  the  meat  will  gradually  dissolve.  If  the  temperature 
is  not  kept  up,  the  process  will  stop.  When  the  bottle  is  allowed 
to  stand  quietly,  it  takes  a  much  longer  time  for  the  meat  to 
dissolve. 

Osmosis.    Tie  a  small  glass  tube  tightly  in  the  ueck  of  a 
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small  tliiu  bladclcr,  aucl  tbou  fill  tlio  bladder  witb  somo  denso 
fluid  sucb  as  strong  solution  of  salt.  If  tbis  bo  now  placed  in  a 
vessel  containing  water,  tbo  salt  solution  will  bo  found  to  rise 
gradually  in  tbe  tube,  owing  to  tbe  water  passing  in  tln-ough  the 
membrauo  faster  thm  the  salt  solution  passes  out, 


CHAPTER  VI. 
THE  BLOOD. 

Uses  and  Composition.  The  blood  is  the  red  fluid 
wliicli  circulates  through,  the  arteries,  capillaries,  aud 
veins.  Its  uses  in  the  system  are  very  various  and 
important.  It  carries  the  nutritive  materials  to  all  the 
tissues  of  the  body,  and  the  products  of  waste  to  those 
organs  whose  function  it  is  to  eliminate  and  dischai^ge 
them  from  the  system.  From  the  hlood  the  various 
secretory  glands  derive  the  materials  for  their  secre- 
tions. The  hlood  also  carries  to  all  parts  of  the  system 
the  oxygen  it  receives  in  the  lungs.  And  again,  it  is 
by  means  of  the  blood  that  the  temperature  of  the  body 
is  equalized.  It  is  essential  to  the  life  of  the  tissues 
that  they  receive  a  proper  supply  of  blood ;  that  is  to 
say,  they  must  be  so  situated  with  regard  to  the  capil- 
laries that  the  nutritive  matters  contained  in  the  blood, 
and  exuding  through  the  walls  of  the  vessels,  may  get 
to  the  tissues,  and  that  the  products  resulting  from  their 
waste  may  pass  into  the  blood. 

Although  apparently  a  homogeneous  fluid,  the  blood, 
when  examined  with  the  microscope,  is  seen  to  consist 
of  a  colourless  fluid  termed  the  flas)iia,  or  liquor  sangui- 
nis, in  which  are  suspended  great  numbers  of  minute 
bodies,  called  the  blood  cor'puscles ;  these  are  mostly  of  a 
red  colour,  but  some  of  them  are  colourless,  and  are 
distinguished  as  the  white  or  colourless  corpuscles. 

Blood  is  an  alkaline  fluid  somewhat  heavier  than 
water ;  it  varies  in  colour  from  bright  scarlet  to  a  deep 
purple,  according  to  the  part  from  whence  it  is  obtained. 
That  which  issues  from  a  wounded  artery  is  bright 
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Boarlet,  and  is  termed  arterial  hlood ;  while  that  issuing 
from  a  vein  when  cut  is  purple,  and  is  called  veno\i» 
Hood* 

The  difference  in  the  colour  of  the  blood  depends 
upon  the  amount  of  oxygen  which  it  contains ;  the 
scarlet  colour  being  caused  by  the  pre- 
sence of  a  greater  quantity  of  oxygen, 
and  the  purple  by  a  deficiency  of  oxy- 
gen. The  amount  of  carbonic  acid  is 
always  greater  in  venous  than  in  arte- 
rial blood.    (See  Besinration.) 

The  quantity  of  blood  in  the  body  is 
said  to  be  about  ro      iV  of  its  entire 
weight.    The  temperature  of  the  blood 
Hum.in  uoo,i      maintained  very  constantly  at  about 

corpuscles  (iimgiiitled  600  100°  F 
diiimeters) :  a,  red  corpus-  * 

pres»ir;t'Lc'^see:"ed2c:  Coagulatioii  of  the  Blood.  If 
TTio^s  T^J:^ril  f^o°i        body  and 

S:twoctourt»B;«T"-i"s:  allowed  to  stand  quietly  for  a  few  mi- 
nutes, it  will  be  found  to  lose  its  fluidity, 
and  become  semi-solid  or  jelly-like.  After  a  time  the 
mass  contracts,  and  a  yellowish  fluid  called  serum  is 
pressed  out.  The  solid  portion,  kn>own  as  the  clot  or 
crctssamentum,  will  float  in  the  serum. 

The  change  in  the  blood  just  described  is  called 
coagitlation,  and  is  brought  about  in  the  following 
manner : — It  has  been  ascertained  that  the  plasma  of 
blood  contains  two  peculiar  substances,  closely  allied  to 
globidin  (p.  29).  One  of  these,  termed  fihrinoplastin 
or  paracjlohulin,  is  closely  allied  to,  if  not  identical  with, 
the  glohtdin  of  the  red  corpuscles.  It  may  be  obtained 
not  only  from  blood  plasma,  but  also  from  chyle,  lymph, 
connective  tissue,  the  crystalline  lens,  etc.  The  second 
substance,  called  fibrinogen,  may  be  obtained  from  blood 
plasma  and  also  from  serous  fluids,  such  as  pericardial 


*  The  pulmonary  artery  yields  purple  tlood,  and  the  pulmonary 
vein  scarlet  blood ;  the  reason  of  this  will  be  obvious  when  the 
changes  which  the  blood  undergoes  in  the  lungs  are  considered. 
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fluid,  p.  15,  etc.  When  these  two  substances  unite 
a  fibrous  material  is  formed  -whicli  has  received  tlic 
name  of  fibrin.  If  a  small  portion  of  coagulated  blood 
be  examined  with  a  microscope,  it  will  be  seen  to  consist 
of  a  mass  of  these  fibres  in  which  the  blood  corpuscles 
are  entangled. 

From  what  has  just  been  said,  it  is  clear  that  fibrin, 
as  such,  does  not  exist  in  fluid  blood,  but  is  the  result 
of  the  combination  of  the  two  substances,  fibrinogen 
and  paraglobulin.  Fresh  blood,  then,  consists  of  plasma 
and  corpuscles;  coagulated  blood  of  serum,  fibrin,  and 
corp^iscles ;  consequently,  as  fibrin  is  derived  fi'om  the 
plasma,  it  is  obvious  that  serum  is  plasma,  minus  the 
materials  luhich  form  fibrin. 

Under  ordinary  circumstances,  when  blood  coagulates 
the  fibrin  is  formed  before  the  corpuscles — which  are 
slightly  heavier  than  the  plasma — have  had  time  to 
settle  down,  consequently  they  become  entangled  with 
the  fibrin.  But  if  by  any  means  coagulation  be  retarded, 
or  the  corpuscles  be  made  to  sink  more  rapidly,  fibrin 
may  be  obtained  free  from  corpuscles. 

In  cases  of  inflammation  blood  is  found  to  coagulate 
much  less  rapidly  than  usual,  and  the  coagulation 
presents  certain  peculiarities.  In  the  first  place  the 
fibrin,  being  formed  less  quickly,  the  corpuscles  have 
time  to  sink  ;  they  also  have  a  greater  tendency  than 
usual  to  run  together  into  rolls  (p.  59),  and  this  con- 
dition helps  them  to  sink  through  the  plasma  more 
readily.  Thus  it  is  that  in  the  clot  of  inflammatory  blood 
the  red  corpuscles  are  only  found  in  the  lower  part. 
The  upper  part  has  an  opalescent  whitish  appearance, 
and  is  known  as  the  bitfy  coat.  This  kind  of  clot  con- 
tracts more  than  ordinary  clot,  and  its  surface  presents 
in  consequence  a  peculiar  cup-like  form. 

Conditions  which  hasten  Coagulation : — 

1.  A  moderate  temperature,  100°  to  120°  F.  hastens 
coagulation. 

2.  Contact  with  foreign  bodies.  Blood  allowed  to 
flow  into  a  vessel  begins  to  coagulate  first  where  it  is  in 
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contact  witli  the  vessel.  A  wire  thrust  into  a  vein 
becomes  coated  with  fibrin.  When  drawn  blood  is 
stirred  with  a  bundle  of  wires  or  twigs  they  become 
coated  with  fibrin. 

3.  Rest  is  generally  favourable  though  not  essential 
to  coagulation. 

Conditions  which  retard  Coagulation:  — 

1.  Cold  has  the  effect  of  retarding  coagulation,  and  it 
is  said  not  to  take  place  at  all  when  the  temperature  is 
below  4.0°  E. 

2.  Contact  with  living  tissue  keeps  the  blood  fluid  for 
a  very  considerable  time;  this  is  especially  the  case  with 
living  bloodvessels. 

4.  The  addition  of  a  sufficient  quantity  of  many  saline 
matters,  especially  suljphate  of  soda,  effectually  prevents 
coagulation ;  but  if  water  be  added,  so  as  to  dilute  the 
salt,  coagulation  takes  place. 

Plasma.  The  constituents  of  blood  vary  in  proportion 
in  different  individuals,  and  in  the  same  individual  at 
different  times.  On  an  average  out  of  100  parts  of 
blood  79  are  water  and  21  solid  matter.  The  plasma 
and  corpuscles  exist  in  very  nearly  equal  volumes,  the 
plasma  being  slightly  in  excess.  As  we  have  already 
seen,  the  jjZttsjna  contains  paraglobulin  and  fibrinogen, 
which  are  the  constituents  oi' fibrin.  Although  fib  r  171  plays 
such  an  important  part  in  the  process  of  coagulation,  the 
amount  of  it  in  the  blood  is  extremely  small,  1000  parts 
of  healthy  blood  yielding  only  from  2  to  4  of  fibrin. 
The  semm,  that  is,  the  plasma  minus  its  fibrin,  is  an 
alkaline  fluid  containing  about  a  ninth  part  of  its  weight 
of  solid  matters.  Albumen  forms  about  8  per  cent,  of 
the  serum,  the  remainder  consisting  of  fatty,  extractive, 
and  saline  matters  dissolved  in  water. 

Red  Blood  Corpuscles.  It  is  the  red  corjniscles  which 
give  to  the  blood  its  characteristic  colour.  These  bodies 
are  soft  and  flexible,  and  have  the  form  of  round  discs. 
In  man  their-  diameter  is  about  g-^Vo  inch,  and  their 
t  hickness  about  ^^loo  inch.  Their  surfaces  are  not 
quite  flat,  but  somewhat  concave;  so  that  when  examined 
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;under  tlie  microscope  they  exhibit  a  central  part,  whicih, 
■according  to  circumstances,  appears  lighter  or  darker 
:than  the  surrounding  portion.  This  central  part  must 
not  be  confounded  witli  the  minute  spot  or  midcus  found 
;  in  the  red  blood  corpuscles  of  some  animals ;  for  the  red 
V  corpuscles  of  human  blood  have  no  nucleus. 

The  tendency  of  the  red  corpuscles  to  ran  together 
lhas  been  already  alluded  to  under  coagulation  (p.  56). 
.  Soon  after  blood  has  been  drawn,  the  red  corpuscles 
1  become  attached  to  each  other  by  their  flattened  surfaces, 
■forming  rods  or  rouleaux,  -which  join  together  in  an 
i  irregular  kind  of  network,  a  small  portion  of  which  is 
:  shown  at  fig.  27,  c. 

Each  red  corpuscle  consists  of  a  tough  outer  coat  con- 
I  taining  a  fluid  or  almost  fluid  material  of  a  red  colour, 
known  as  licemoglohin,  and  sometimes  called  cmor. 
Hcemoglohin  may  be  resolved  by  certain  processes  into 
globiilin  and  a  colouring  matter  called  hcematin.  The 
true  colouring  matter  of  blood  corpuscles  in  its  natural 
condition  is  cruorin,  but  in  the  process  of  separating 
it  from  the  globulin  it  becomes  slightly  changed  in 
chai'acter,  and  is  then  termed  hsematin.  Hcematin 
contains  a  considerable  proportion  of  iron. 

White  Blood  Corpuscles.  The  xvhite  or  colourless 
corplis'cles  are  larger  and  far  loss  numerous  than  the 
red.   They  have  a  diameter  of  about  •gj^jjo  of  an  inch, 


Fia.  28.   VnriouB  forms  assumod  by  a  colourless  blood  corpuscle.  (ATe/ii.) 


and  are  nucleated;  that  is,  they  have  in  their  interior 
a  small  rounded  body  or  nucleus,  which  in  rare  cases 
only  is  red.  Their  great  peculiarity  is  that  while  alive 
they  are  constantly  changing  form.  Fig.  28  will  give 
some  idea  of  the  shapes  assumed.  A  portion  of  the 
soft  material  of  which  the  corpuscle  is  composed,  is 
slowly  thrust  out  at  diflferent  points,  and  then  gradually 
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witlidra-wn  again.  In  fact,  tliese  coloui-less  corpuscles 
exactly  resemble  those  low  forms  of  animal  life  known 
as  amoehce,  wliicli  inhabit  stagnant  waters. 

The  following  table  shows  the  constituents  of  blood 
in  about  their  average  proportions. 

/Wateb   .  784-0 

(  HtBmatin') 
{Globulin  ) 
Fibrinogen   ")  ^.-t  ■ 
Paraglobulinp'^"'^  • 
Albumen 
Fatty  matters  . 
Saline  matters 
VExtractive  matters  ) 


Blood 
contains/  g^^^^^ 


Corpuscles 


Plasma 


131-0 

2-2 

70-0 
1-3 

11-5 


1000-0 


Gases  of  the  Blood.  It  is  found  that  100  volumes 
of  blood  contain  on  an  average  about  40  or  50  volumes 
of  gaseous  matters.  The  gases  are  the  same  as  those 
found  in  the  atmosphere,  namely,  carbonic  acid,  oxygen 
and  nitrogen ;  but  the  proportions  in  the  two  cases  are 
very  different. 

Blood  has  a  much  greater  power  than  pure  water  of 
absorbing  oxygen.  This  property  is  apparently  due  to 
the  red  corpuscles.  Serum  alone  has  comparatively 
little  power  of  absorbing  oxygen ;  while  the  red  cor- 
puscles if  suspended  in  pure  water  absorb  this  gas 
freely.  A  solution  of  haemoglobin  absorbs  oxygen  in  a 
similar  manner.  The  oxygen  absorbed  by  the  blood 
combines  very  loosely  with  the  hjEmoglobin,  so  that  it 
it  is  very  readily  given  up  in  the  system  when  required. 

Blood  Crystals.  Heemoglobin  under  certain  condi- 
tions exhibits  the  peculiar  property  of  crystallizing. 
The  crystals  of  human  blood  have  a  prismatic  form, 
but  are  difficult  to  obtain.  Crystals  are  much  more 
easily  obtained  from  the  blood  of  some  of  the  lower 
animals,  as  the  clog,  rat,  guinea-pig,  etc.,  and  they  are 
found  to  vary  in  form  according  to  the  animal. 

Changes  wliicli  the  Blood  undergoes  in  the  Body. 
It  has  been  already  mentioned  that  the  blood  exists  in 
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the  body,  in  two  different  conditions,  viz. :  arterial  and 
venous.  The  most  obvious  difference  between  tliem  is 
bheir  colour,  the  former  being  bright  scarlet  and  the 
latter  purple, 
their  compo- 
sition. Ar- 
terial blood 
contains  more 
Mygen  and 
less  carhonic 
icicl  than  the 
venous,  and 
iome  what 
tnore  fihrin, 
ind  rather 
cess  alhiunen 
ind  fat.  If 
•irenous  blood 
>oe  exposed  to 

Ihe  air  it  soon  changes  colour  and  becomes  arterialized. 
£f,  on  the  other  hand,  arterial  blood  be  exposed  to  carhonic 
I'lcid  it  gets  darker,  and  becomes  at  length  venous ;  but 
this  change  does  not  take  place  so  rapidly  as  the  former. 
r?he  same  changes  take  place,  but  more  slowly,  when  a 
Ihin  moist  animal  membrane  intervenes  between  the 
il'lood  and  the  air  or  carbonic  acid. 

The  blood  passing  through  the  capillaries  of  the  lungs 
s5  only  separated  from  the  air  by  a  very  delicate  mem- 
irrane  (p.  78),  and  therefore  part  of  the  oxygen  con- 
iiained  in  the  air  is  absorbed  by  the  blood,  and  part  of 
hie  carbonic  acid  contained  in  the  blood  passes  through 
Ine  membrane  and  becomes  mixed  with  the  air,  the 
eenous  blood  thus  becoming  arterialised.  (See  Bespira- 
'  on.) 

Why  the  absorption  of  oxygen  and  the  giving  up  of 
arbonic  acid  causes  the  blood  to  assume  a  bright  red 
1  olour  is  not  known  with  certainty.    It  has  been  thought 
aat  the  red  corpuscles  are  somewhat  flattened  by  the 
icesence  of  oxygen,  and  slightly  swelled  by  carbonic 


But  the  most  important  difference  is  in 


FiQ.  20.  Blood  crystals  magnifled.  T.,  from  liuninu  blood  ;  H,. 
fi'om  guinea-pig  ;  III.,  from  squirrel ;  IV.,  from  liainster.  {(luacn.} 
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acid,  and  that  in  the  formov  case  they  reflect  the  h'ght 
more  strongly,  and  therefore  give  a  brighter  appearance 
to  the  blood.  This  may  have  some  cfl'ect  in  producing 
the  bright  coloui',  but  probably  it  is  chiefly  due  to  the 
fact  that  hsemoglobin  when  combined  with  a  certain 
amount  of  oxygen  is  of  a  dark  red  colour,  but  if  com- 
bined with  a  larger  proportion  of  oxygen,  it  assumes  a 
much  brighter  appearance.  The  quantity  of  carbonic 
acid  in  the  blood  has  much  less  effect  upon  its  colour 
than  the  amount  of  oxygen. 

The  conversion  of  arterial  into  venous  blood  takes 
place  in  the  capillaries  of  the  body  generally,  a  con- 
siderable proportion  of  its  oxygen  being  used  up  in  the 
process  of  oxidation ;  the  amount  of  oxygen  used 
depending  upon  the  quantity  of  material  oxidized.  The 
carbonic  acid  foi'med  in  the  process  of  oxidation,  passes 
through  the  ^vall3  of  the  capillaries  into  the  curi'ent  of 
the  blood. 

The  composition  of  the  venous  blood  in  different  parts 
of  the  body  varies  considerably :  for  instance  that  re- 
turning from  the  stomach  and  alimentary  canal  is  more 
or  less  charged  with  the  soluble  portions  of  the  food 
which  have  been  absorbed.  That  issuing  from  the  liver 
by  the  hepatic  vein  always  contains  glucose,  and  that 
returning  from  the  spleen  is  usually  deficient  in  red 
corpuscles,  and  contains  an  unusually  large  proportion 
of  the  colourless  corpuscles. 

Pbactical  Section. 

Coagulation  of  the  Blood.  This  may  be  seen  by  simply 
allowing  some  freshly  drawn  blood  to  stand  quietly  for  a  short 
time.  If  one  or  two  drops  are  allowed  to  fall  upon  the  bottom  of 
an  inverted  saucer,  and  then  covered  over  with  a  watch  glass,  a 
piece  of  wet  blotting  paper  being  placed  under  the  glass  to  keep 
the  blood  from  drying,  it  will  be  found  that  the  blood  loses  its 
fluidity,  and  becomes  jelly-like.  If  a  larger  quantity  be  allowed  to 
stand  in  a  basin  or  other  suitable  vessel,  the  phenomena  men- 
tioned on  p.  56  may  be  observed. 

Coagulation  retarded  by  the  Addition  of  Salts.  Make  a 
saturated  solution  of  sulphate  of  soda,  and  dilute  it  with  an  equal 
quantity  of  water.    Take  a  wide-mouthed  bottle,  and  put  into  it 
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libout  one-fifth  as  much  ns  it  will  hold  of  the  above  solution, 
rrhcn  fill  up  the  bottle  with  freshly  drajtm  blood,  which  may  bo 
jbtained  from  a  butcher's  slaughter-house,  and  if  possible  should 
je  got  into  the  bottle  direct  from  the  animal.  Well  mix  the  two 
iluids  by  shaking,  and  then  allow  the  mixture  to  stand  quietly. 

Jnder  these  conditions  the  blood  will  not  coagulate  ;  and  further, 
iihe  blood  corpuscles,  being  heavier  than  the  2)lasiiia,  will  sink  to 
iie  bottom,  leaving  the  plasma  as  a  more  or  less  clear  fluid. 
When  the  corpuscles  have  sunk  to  the  bottom  of  the  bottle,  let 

ome  of  the  clear  fluid  be  carefully  decanted  into  another  vessel. 
'^o  show  that  this  fluid  contains  the  materials  necessary  for 
coagulation,  add  to  it  about  one-fifth  of  its  volume  of  water.  It 
ryill  then  be  found  to  lose  its  fluidity,  and  to  become  a  jelly,  as  in 
;Jie  first  experiment ;  but  being  fi-ee  from  red  corpuscles,  it  will 
ee  almost  colom-less. 
Blood  Corpuscles.  In  order  to  examine  blood  corpuscles 
moderately  powerful  microscope  is  necessary.  Let  a  small  drop 
ii  blood  (which  may  be  readily  obtained  by  pricking  the  finger 
rHth  a  sharp  needle)  be  placed  upon  a  clean  shp  of  glass,  and 
covered  with  a  piece  of  thin  glass,  such  as  is  ordinarily  used  for 
aiicroscopic  purposes.*  By  this  means  the  blood  is  spread  out 
cato  a  film,  and  may  be  examined  with  tbe  microscope.  At 
irrst  the  corpuscles  will  be  seen  as  pale  disc-like  bodies  floating 
Qi  a  clear  fluid.  After  a  time  they  will  be  observed  to  stick 
each  other  by  then-  flattened  faces  so  as  to  form  the  rows 
'already  mentioned  (p.  59).  The  colourless  corpuscles  are  to  be 
eeen  among  the  red  ones,  but  they  are  much  less  numerous.  The 
nmoeba-hke  movements  of  the  colourless  corpuscles,  which  take 
lilace  very  slowly,  are  most  easily  studied  in  the  blood  of  the 
■:ewt.  The  best  way  to  see  them  is  to  take  a  drop  of  blood  from 
newt  just  killed,  and  arrange  it  on  a  slip  as  above  directed, 
taen  carefully  surround  the  thin  glass  cover  with  a  rim  of  oil  to 
rcevent  the  blood  drying ;  get  a  colourless  corpuscle  fairly  in  view 
■I  the  field  of  the  microscope,  and  draw  its  form  upon  a  piece  of 
.iiper.  After  letting  it  stand  quietly  upon  the  microscope  for  a 
;iw  minutes,  draw  it  again,  and  observe  the  difierence  in  its  form. 

■  The  red  corpuscles  of  newt's  blood  will  be  observed  to  be  larger 
iiian  those  of  human  blood ;  to  be  oval  and  not  round ;  and  to 
aive  in  their  interior,  a  small  body  or  nucleus  which  is  not 
rcesent  in  human  red  corpuscles. 

'  The  colourless  corpuscles  of  both  the  human  and  newt's  blood 
aive  a  nucleus. 

'.  The  nuclei  of  the  blood  corpuscles  are  better  seen  if  a  drop  of 
laagenta  staining  fluid  (see  Appendix)  be  allowed  to  run  under 


r.oUi  kinasoE  glass  may  be  obtained  at  any  sliop  where  microsi 
aaterials  are  sold. 
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the  thin  covering  glass,  as  the  nucleus  wiU  become  more  deeply 
stained  than  the  rest  of  the  corpuscle. 

Blood  Crystals.  Crystals  of  beemoglobin  are  more  readily 
obtained  from  the  blood  of  some  animals  than  from  that  of  others. 
One  mode  of  obtaining  them  is  the  following.  Let  a  large  drop  of 
perfectly  fresh  guinea-jng's  blood  fall  upon  a  clean  slip  of  glass, 
and  be  left  to  coagulate.  Then  add  a  small  quantity  of  water, 
and  after  a  short  time  lift  the  mass  with  the  forceps,  and  place 
some  small  drops  of  the  fluid  upon  another  glass  sUp  and  allow 
them  to  evaporate,  when  crystals  will  be  formed,  and  may  be 
viewed  with  the  microscope. 


CHAPTER  VII. 
ORGANS  OF  CIRCULATION. 

General  View  of  the  Circulation.  Having  con- 
sidered the  nature  of  the  blood,  it  now  becomes  necessary 
to  understand  the  manner  in  -which  it  is  distributed 
through  the  body.  In  order  to  do  this  it  -will  be  well 
first  to  notice  the  general  course  of  the  circulation,  and 
secondly,  to  study  more  in  detail  the  organs  by  which 
circulation  is  accomplished.  There  are  two  main  courses 
in  which  the  blood  circulates,  viz.,  the  Systemic  or  greater 
circulation,  and  the  Fulmonary  or  lesser  circulation. 

a.  Systemic  Circulation.  Let  us  trace  the  courso 
which  the  blood  takes,  starting  say  from  the  left  ventricle, 
until  it  returns  to  that  point  again.  On  leaving  the 
left  ventricle  the  blood,  which  is  then  arterial,  passes 
into  the  aorta,  and  thence  by  branches  termed  systemic 
arteries  to  all  parts  of  the  body,  the  branches  divid- 
ing and  subdividing,  get  smaller  and  smaller,  until 
they  become  extremely  minute  and  are  termed  the  systemic 
capillaries.  It  is  in  these  that  the  blood  becomes  venous, 
as  described  in  the  last  chapter. 

From  the  systemic  capillaries  the  blood  passes  into  the 
systemic  veins,  all  of  which  communicate  at  length  with 
two  large  vessels,  the  vencB  cavce.  Through  these  the 
blood  is  poured  into  the  right  auricle,  thus  complet- 
ing the   systemic   or   greater  circulation.     All  blood 
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'Drought  to  the  right  auricle  is  venous.  Tho  blood  then 
oasses  into  the  7-igJit  ventricle. 

The  blood  returning  from  the  alimentary  canal,  is 
collected  into  a  vessel  called  the  vena  jportce,  which, 
mtering  the  liver,  divides  and  subdivides  until  it  forms 

meshwork  of  capillaries.  After  passing  through  these 
■apillaries  the  blood  is  again  collected,  this  time  into 
Ihe  hepatic  veins  which  open  into  the  inferior  vena  cava. 
'?his  passage  of  the  blood  through  the  liver  is  known  as 
];h.Q  portal  circulation. 

h.  Puhnonarij  Circulation.  From  the  rigid  ventricle 
the  blood  flows  into  the  puhnonarij  artery,  whose 
tranches  open  into  the  capillaries  of  the  luugs.  In  pass- 
mg  through  these piilmo7iary  capil- 
aries  the  blood  becomes  arterial- 
zzed.  It  is  then  received  into  the 
ndmonary  veins,  and  conveyed  by 
hhem  into  the  left  auricle  of  the 
leeart.  Fi'om  thence  it  passes  into 
bhe  left  ventricle,  the  point  fi'om 
vfhich  we  supposed  it  to  start,  and 

00  completes  the  pulmonary  or 
(■esser  circulation. 

The  Heart.  The  heart,  as  we 
isave  seen,  is  the  central  organ  of 
hhe  circulatory  system.  It  is  by 
means  of  its  powerful  contrac- 
iiions  that  the  blood  is  driven  to 
lU  parts  of  the  body.  In  size  the 
leeart  is  about  equal  to  the  closed 
iist  of  the  person  to  whom  it  be- 
DDugs.  It  is  placed  in  the  thorax, 
leetween  the  lungs,  but  not  quite 
lu  the  middle  line,  its  base  being 
mrned  upwards  and  backwards, 
iiad  its  apex  downwards  and  forwards,  reaching  to  the 
'oace  between  the  fifth  and  sixth  ribs,  a  little  to  the 

1  ft  of  the  sternum. 

It  has  already  been  stated  that  the  heart  contains  four 


Fig.  30.  Front  view  of  tlio  heart 
nnd  great  vessels  :  a,  right  ven- 
tricle ;  b,  left  ventricle  ;  c,  right 
.auricle  ;  rf.  left  anricle ;  e,  aorta ; 
c',  c',  its  descending  i)ortion  ;  /. 
arteries  arising  from  the  arch  of 
the  aorta ;  g,  hase  of  pulmonary 
artery,  the  upper  part  having 
heen  cut  aw.iy  ;  h,  superior,  and 
?,  inferior,  vena  cava ;  k,kt  coro- 
nary arteries,  {(luain.) 
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cliambevs.  The  right  auricle  opens  freely  into  the  rirjld 
ventricle,  and  the  left  auricle  opens  freely  into  the  left 
ventricle.;  but  the  chambers  on  the  one  side  do  not  com- 
municate directly  with  those  on  the  other. 

The  heart  is  a  muscular  organ,  all  the  muscles  being 
of  the  strij)ed  kind,  but  their  fibres  are  destitute  of  sar- 

colemma.  (See  Histology.')  The 
walls  of  the  two  auricles  are 
thin,  having  simply  to  dx'ive  the 
'i  blood  into  the  ventricles.  The 
walls  of  the  ventricles,  in  accord- 
a  ance  with  the  much  greater  work 
tliey  have  to  perform,  are  thick, 
those  of  the  left  ventricle  being 
much  thicker  than  tbose  of  the 
right ;  the  right  ventricle  having 
to  drive  the  blood  through  the 
lungs  only,  while  tbe  left  has  to 
force  it  throughout  the  entire 
body. 

Externally  the  heart  is  covered 
by  one  layer  of  the  'pericardium, 
and  internally  by  a  membranous 
and  epithelial  lining  called  the 
endocardium. 

The  heart  itself  is  supplied 
with  blood,  by  the  two  coronary 
arteries  which  are  given  off  from  the  aorta  just  above 
the  semilunar  valves ;  these  arteries,  dividing  and  sub- 
dividing, convey  blood  to  the  tissues  of  the  heart, 
from  which  it  is  returned  to  the  one  coronary  vein, 
which  opens  directly  into  the  riglit  auricle. 

Vessels  connected  with  the  Heart.  The  riglit 
auricle  has  three  vessels  opening  into  it :  the  superior 
and  the  inferior  vena}  cavce,  and  the  small  coronary  vein. 
The  left  auricle  receives  the  four  pulmonary  veins.  The 
rigid  ventricle  gives  off  the  pulmonary  artery,  and  the 
left  gives  off  the  aorta. 
The  Valves  of  the  Heart  atid  Arteries.  Each 


Fio.  31.  View  of  tlio  right  side  of 
the  lieiirt.  Part  of  the  walla  of  tlie 
riglit  fturii;le  and  ventricle  Imve  Ijeeu 
cut  jiway  to  sliow  tlie  interior  :  a,  in- 
terior of  riglit  auricle ;  6,  superior, 
ami  c,  inferior  vena  cava  ;  d,  interior 
of  tlie  right  ventricle  ;  c,  tricnsiiid 
valve,  the  borders  of  which  are  at- 
tached by  the  chordaj  tendineaj  to  /, 
tho  columns  carueJB ;  ff,  points  to  an 
aiierture  made  in  the  pulaionary  ar- 
tery, below  which  two  of  the  semi- 
lunar valves  are  seen ;  h,  the  aorta. 
(Quat'i.) 
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iricle  opens  freely  into  the  ventricle  on  the  same  side 

I  the  heart,  the  aperture  being  guarded  by  certain  mem- 
riinoiis  folds  or  valves,  ■which  prevent  the  return  of 

Dod  from  the  ventricle  into  the  auricle.  The  valves 
ee  supported  upon  a  fibrous  ring  surrounding  the 
lU'iculo-ventricular  aperture,  and  pi'oject  inwards  and 
)«wnwards,  forming  flaps,  whose  inner  edges  are  con- 
cted  by  slender  tendinous  cords  (chordce  teudiiicce)  with 
,t?e  walls  of  the  ventricles, 
with  certain  httle  muscu- 
i'.'  pillars  (columnce  carnete) 
sing  from  the  walls  of  the 
utricles. 

'.The  result  of  this  arrauge- 
3nt  is  that  the  pressure  of 
ee  blood  in  the  auricle  act- 
'  upon  the  upper  surface 
the  valves  causes  them  to 

II  back  against  the  walls 
I  the  ventricle,  thus  leaving 
;e  aperture  open.  But  when 
ee  ventricle  contracts,  the 
oDod  getting  behind  the  flaps 
rcces  them  upwards,  and  causes  them  to  meet  together 
iTOSs  the  aperture,  efiectually  closing  it.  The  chordre 
nndineae  prevent  the  edges  of  the  valves  from  being 

rried  into  the  auricles  by  the  pressure  of  the  blood. 
The  rigid  auriculo- ventricular  aperture  is  guarded  by 
rree  of  these  flaps,  which  together  form  what  is  known 
■  the  tricaspicl  valve.    The  valve  of  the  left  auriculo- 
tntricular  aperture  has  only  two  flaps,  and  from  its 
semblance  to  a  bishop's  mitre,  is  called  the  mitral 
Ive.    It  is  sometimes  termed  the  hicusind. 
The  aperture  between  the  left  ventricle  and  the  aorta, 
ud  that  between  the  right  ventricle  and  the  pulmonary 
tery,  are  each  strengthened  by  a  fibrous  ring  support- 
g  three  pouch-like  valves  which  allow  the  blood  to  pass 
t  of  the  ventricles,  but  completely  close  the  aperture 
'ainst  its  return.  These  valves,  which  are  in  both  cases 


Fi«.  35.  View  of  the  heart  from  above, 
the  auricles  and  arteries  haWug  been  re- 
moved :  fl,  conimeucemeut  of  aorta  with 
its  tliree  semilunar  valves  ;  b,  base  of  pul- 
monary artery,  with  its  three  semilunar 
valves;  c,  left  auriculo-ventricular  aper- 
ture aud  l)icuspid  valve  ;  d,  right  auri- 
culo-veutricular  aperture  aud  tricuspid 
valve  :  e,  e,  coronary  arteries.  (Quuin.) 
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Fia.  33.  Vivlves  of  veiu8  :  a,  exter- 
nal viow  of  veiu  distended  witli  blood  ; 

section  of  Bimilnr  veiu  showing 
valves  :  c.veiii  laid  open  to  show  pouch- 
MkG  form  of  vah'cs.  (Quatn.) 


called  semilunar  valves,  are  the  ouly  ones  found  in  the 
arieries. 

Valves  of  the  Veins.  At  the  point  where  the  in- 
ferior vena  cava  opens  into  the  rirjhl  auricle  there  is  a 

membranous  fold  termed  the 
Eustachian  valve ;  and  many  of 
the  veins  of  the  body  have  at 
intervals  in  their  course  folds  of 
the  lining  membrane  so  placed 
as  in  some  measure  to  pre- 
vent the  blood  passing  in  any  di- 
rection but  towards  the  hearb. 

Beating  of  the  Heart.  The 
muscular  fibres  of  the  heart  are 
so  disposed,  that  when  they 
contract  the  cavities  of  the 
heart  are  very  much  reduced  in 
size.  The  contractions  take 
place  in  a  regular  and  definite 
manner :  first,  simultaneously 
the  two  auricles  contract ;  then  immediately  afterwards 
the  two  ventricles  ;  after  which  there  is  a  pause  before 
the  contractions  are  repeated.  The  state  of  contraction 
whether  of  an  auricle  or  ventricle  is  termed  its  systole, 
and  their  state  of  relaxation  during  which  they  dilate, 
ia  termed  their  diastole.  The  heart's  action  is  not 
under  the  influence  of  the  will,  but  is  altogether  invol- 
uibtarij.  At  the  same  time,  certain  aifections  of  the 
mind  have  a  considerable  effect  upon  it. 

The  Nerves  of  the  Heart.  The  heart  is  supplied 
with  three  kinds  of  nerves :  first,  it  receives  branches 
from  the  pneumogastric  nerve  (p.  110)  ;  second,  fi-om  the 
symijatlietic  system ;  and,  thirdly,  it  has  nerves  which 
are  connected  with  ganglia  situated  in  the  heart  itself. 

The  regular  rhythmical  contractions  of  the  heart  ap- 
pear to  depend  upon  the  last  set  of  nerves. 

Certain  emotions,  such  as  those  of  great  joy  or  sorrow, 
acting  through  the  other  sets  of  nerves,  very  materially 
intei'fore  with  the  regular  action  of  the  heart.    Thus  it 
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ppeai'S  that  when  the  sympathetic  nerves  are  unduly 
osited,  the  beating  is  accelerated,  inducing  -what  is 
liled  palpitation  of  the  heart.  If,  on  the  other  hand,  the 
lieumogastric  nerves  are  affected,  the  heart's  action 
•.retarded,  producing  faintincj ;  or  it  may  be  stopped 
:tirely,  and  thus  cause  sudden  death. 
TThe  Effect  of  the  Heart's  Contraction.  All  the 
Modvessels  bemg  full,  let  us  suppose  the  auricles  also 
be  just  filled  with  blood.  A  contraction  of  both 
•.rides  takes  place,  the  tendency  of  which  is  to  force 
esir  contents  into  the  veins  and  into  the  ventricles, 
itie  veins,  being  already  full,  offer  considerable  resist- 
L-ce ;  but  the  ventricles  are  at  this  time  in  a  relaxed 
mdition  (their  diastole),  therefore  the  blood  passes 
;eely  into  them. 

TThe  systole  (contraction)  of  the  ventricles  follows,  as 
M  have  seen,  directly  after  that  of  the  auricles.  The 
eect  of  this  would  be  to  force  the  blood  back  into  the 
rricles  but  for  the  mitral  and  tricuspid  valves,  which 
iBctually  prevent  it.  The  other  outlets  from  the  ven- 
xles  are  the  aorta  from  the  left,  and  the  pulmonary 
t':ery  from  the  right.  Both  these  vessels  are  full  of 
\iod,  and  consequently  oppose  considerable  resistance 
rthe  introduction  of  more ;  besides  which,  their  semi- 
^aar  valves  are  closed.  But  the  force  with  which  the 
natricles  contract  is  so  great  that  the  semilunar  valves 
? !  forced  open,  and  the  blood  is  driven  into  both  those 
cerial  trunks. 

TThe  systole  of  the  ventricles  being  completed,  their 
ills  relas,  and  their  chambers >re  ready  for  the  repe- 
con  of  the  process  above  described;  the  semilunar 
ives  preventing  the  blood  from  passing  back  into  the 
aated  ventricles. 

SSounds  of  the  Heart.     If  the  ear  be  applied  to 

i  I  thorax  of  a  living  person  in  the  region  of  the  heart, 
ttain  sounds  can  be  heard.  First,  there  is  a  dull  sound, 
..aewhat  prolonged  ;  then  follows  a  sharp,  quick  sound, 
il  then  a  pause,  after  which  the  sounds  are  repeated, 
lis  succession  of  sounds  is  heax'd  ateverybeat  of  theheart. 


70 


ANIMAL  PHYSIOLOOY. 


i 


The  cause  of  the  first  sound  is  not  exactly  known,  but 
it  is  probably  due  chiefly  to  the  closing  of  the  auriculo- 
ventricular  valves,  and  partly  to  the  contraction  of  the 
muscles  of  the  heart  itself.  The  second,  sharper  sound  is 
known  by  experiment  to  be  caused  by  the  sudden  closing 
of  the  semilunar  valves  ;  for  when  these  valves  are  tied  so 
as  to  prevent  their  closing,  the  sound  is  no  longer  heard. 

The  Structure  of  the  Bloodvessels.  It  will  now 
be  necessary,  in  order  to  understand  certain  of  the 
phenomena  presented  by  the  circulation,  to  consider  the 
structure  of  the  arteries,  veins,  and  capillaries. 

If  the  wall  of  a  largo  artery  be  examined,  it  will  be 
found  to  consist  of  several  layers,  (a)  There  is  first, 
an  epithelial  lining  (see  Uistologi/),  which  presents  a 
smooth  surface  for  the  blood  to  flow  over,  (i)  Then 
there  are  several  layers  of  a  highly  elastic  tissue,  alter- 
nating with  layers  of  unstriped  muscular  fibres  which  are 
wrapped  round  the  vessel.  It  will  presently  be  seen 
that  the  elastic  tissue  of  these  larger  arteries  plays  a 
very  important  part  in  the  cii'culation  of  the  blood,  (c) 
On  the  outside  of  the  arteries  is  a  coating  of  fibrous  or 
connective  tissue.  In  the  small  arteries  the  muscular 
layer  is  proportionally  thicker  than  in  the  large  ones, 
but  the  amount  of  elastic  tissue  gets  relatively  less.  The 
muscular  fibres,  which  are  under  the  influence  of  the 
sympathetic  nerves,  regulate  the  supply  of  blood  to 
the  various  organs  and  tissues. 

The  large  veins  differ  from  the  large  arteries  in  having 
walls  which  are  very  much  thinner,  and  which  contain 
much  less  muscular  fibre  and  elastic  tissue.  The  smallest 
veins  and  arteries  more  closely  resemble  each  other  in 
these  respects.  Veins  further  differ  from  arteries  in 
having  certain  valvular  folds  of  membrane  which  are 
not  found  in  the  arteries. 

The  fine  threadlike  vessels  called  capillaries,  connect- 
ing the  arteries  with  the  veins,  form  a  delicate  meshwork 
which  traverses  almost  all  the  tissues  of  the  body.  They 
are  from  ■^o'^^  to  xsVo  of  an  inch  in  diameter.  In 
the  lungs  they  are  even  smaller  than  this.    The  meshes 
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vhich  tliey  form  vary  much  in  size  and  cliaractor  iii 
liffereut  situations.  The  walls  of  tlicso  capillaries 
ire  composed  of  an  extremely  thin  structureless  mem- 
orano,  in  which  small  oval  nuclei  occur  at  intervals. 
The  tinnness  of  the  walls  of  the  capillaries  allows  tho 
iluids  they  contain  to  exude  through  them  for  tho 
nourishment  of  the  adjacent  tissues. 

The  Pulse.  If  the  finger  be  placed  upon  an  artery 
((the  radial  artery,  for  instance,  which  passes  along  tho 
(■wi'ist  just  below  the  thumb),  a  regular  rise  and  fall, 
ccalled  the  pulse,  will  be  felt.  The  cause  of  the  pulse  is 
;ias  follows :  When  the  ventricle  of  the  heart  contracts, 
rthe  blood  is  forced  into  the  arteries  faster  than  it  can 
Qjass  through  them ;  and  as  theu'  walls  are  elastic  they 
I  expand.  This  expansion  does  not  take  place  throughout 
•the  body  at  the  same  time ;  but  commences  in  the 
;  arteries  next  the  heart,  and  gradually  passes  along  them 
iwith  a  wave-like  movement,  which  becomes  less  and 
iless  as  it  advances,  until  in  the  capillaries  it  ceases 
:  altogether,  the  blood  flowing  there  in  a  continuous 
:  stream.  One  of  the  results  of  this  onward  movement 
(of  the  dilatation  is,  that  the  pulse  occurs  in  arteries  near 
I  the  heart  before  it  does  in  those  which  are  more  remote. 

There  is  no  true  pulse  in  the  veins ;  but  in  the  larger 
•  venous  trunks  there  is  sometimes  a  kind  of  backward 
pulsation  from  the  heart. 

If  an  artery  be  cut,  the  blood  will  issue  in  jerks. 
This  is  caused  in  the  same  manner  as  the  pulse ;  the 
force  which  would  be  expended  in  dilating  the  vessel 
were  it  entire,  is  expended  in  driving  out  the  blood. 

Blushing  and  Pallor.  What  is  commonly  known 
as  hhifihing  is  entirely  due  to  the  fact  that  the  part 
affected  has  a  larger  supply  of  blood  than  usual,  and 
consequently  becomes  red  and  hot.  Pallor  is  produced 
by  lack  of  blood.  We  have  already  seen  that  muscular 
fibres  surround  the  arteries ;  and  it  is  obvious  that  if 
these  fibres  contract  the  calibre  of  the  vessel  will  be 
lessened,  and  that  if  they  relax  the  calibre  of  the  vessel 
will  be  increased. 
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Now  tiBclor  ordinary  circumstances  the  symixdlietic 
nerves,  wliicli  arc  distributed  to  these  muscular  fibres,  keep 
them  slightly  contracted.  But  under  certain  mental 
emotions,  pleasurable  or  otherwise,  the  action  of  the 
sympathetic  nerves  is  partly  suspended.  The  result  is, 
that  the  muscles  become  relaxed,  thereby  increasing  the 
capacity  of  the  small  arteries  ;  consequently  a  greater 
quantity  of  blood  passes  through  them,  and  the  part  of 
the  body  to  which  they  are  distributed,  receiving  an 
unusual  supply,  becomes  hot  and  red,  or  in  other  words 
is  said  to  blush.  Blushing,  which  is  usually  confined  to 
the  cheeks,  may  extend  to  other  parts  of  the  body. 

Pallor  may  be  caused  by  extreme  terror.  It  is  pro- 
duced in  a  manner  exactly  the  opposite  of  that  by 
which  blushing  is  brought  about. 

In  pallor  the  sympathetic  nerve  is  thrown  into  a  state 
of  greater  activity.  This  causes  the  muscles  of  the  small 
arteries  to  contract  more  than  usual ;  consequently 
less  blood  can  pass  through  them,  and  the  face,  which  is 
the  part  usually  most  afiieeted,  becomes  pale  and  cold. 

The  fact  that  these  changes  are  due  to  the  influence 
of  the  sympathetic  nerve  can  be  shown  by  experiment. 

Evidence  of  Circulation.  The  structure  of  the 
heart  and  bloodvessels  is  such  as  to  leave  no  doubt  that 
the  blood  circulates  in  tlie  direction  described,  for  the 
valves  of  the  heart  and  vessels  would  not  allow  it  to 
flow  in  any  other  direction. 

When  an  artery  is  tied  in  a  living  animal,  pulsations 
take  place  only  on  the  side  of  the  ligatm-e  nearest  the 
heart,  thus  showing  that  the  force  which  produces  the 
pulse  comes  from  that  direction.  If  an  artery  thus  tied  be 
cut  on  the  side  of  the  ligature  furthest  from  the  heart, 
as  a  rule,  little  or  no  blood  will  flow  out ;  but  if  it  be 
cut  on  the  side  nearest  the  heart  the  blood  will  gush  out 
rapidly  and  in  jerks,  proving  that  the  direction  of  the 
current  of  blood  in  the  arteries  is  from  the  heart. 

If  a  vein  be  tied  it  will  swell  up  on  the  side  of  the 
ligature  furthest  from  the  heart,  while  on  the  side  nearest 
the  heart  it  will  become  more  or  less  emptied. 
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The  most  direct 
in  some  of  the 
lower  animals,  in 
which  the  vessels 
traversing  a  thin 
membrane  may 
be  examined  with 
a  microscope 
while  tbe  animal 
is  alive.  The  web 
between  the  toes 
of  the  frog's 


evidence  of  circulation  is  obtained 

fi  r. 


foot 
the 
ob- 


is perhaps 
most  easily 
served.  In  it  the 
blood  corpuscles 
may  be  seen  with 
the  greatest  dis- 
tinctness coursing 
through  the  arte- 
ries, capillaries, 

;and  veins.  (See 
Practical  Section.) 
Lymphatic 

!  System.  Besides 

I  the  bloodvessels 
jjust  considered, 
i  the  body  possesses 
:  another  set  of  ves- 
:  sels  known  as  the 
'lymphatics.  These 
I  commence   in  a 
kind  of  network 
found   in  almost 
all   parts  of  the 
body  where  blood 
capillaries  exist. 
They  have  not  at 
present  been  de- 


Fio.  .S4.  Thoracic  duct  find  Ij-nipliaties :  a,  a,  tliorftcic 
duct,  at  lower  end  of  which  is  6,  receptacle  of  the  chyle;  c, 
opening  of  thoracic  duct  into  the  junction  of  left  subclavian 
and  jugular  veins  ;  d.  junction  of  right  subcl.'vvian  and  jugu- 
lar veins  ;  e.  lymphatics  of  neck  ;  /,  of  arms  ;  g,  h,  of  thoracic 
organs  and  diaphragm  ;  i.  iutercostals  ;  k,  two  short  trunks 
whicli  receive  the  lacteal  vessels  from  intestines,  and  a  large 

fjortion  of  the  lymphatics  from  the  .abdominal  organs.  At  the 
ower  part  of  the  figure  some  of  the  lymphatics  of  the  lower 
extremities  are  seen,  {qnain.) 
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tecfced  either  in  the  bi'ain,  spinal  cord,  eyeball,  gristles, 
or  tendons.  This  nchoorh  differs  from  the  blood  capil- 
laries in  only  communicating  with  vessels  carrying  fluid 
from  it. 

Tlie  -walls  of  the  lymphatic  vessels,  although  very 
thin,  ai'o  similar  iu  structure  to  those  of  veins.  They 
are  composed  of  muscular  fibre  and  elastic  tissue,  and 
are  lined  with  epithelium.  They  also  possess  numerous 
valves,  which  are  mostly  in  pairs 
and  give  to  the  vessels  a  knotted 
appearance  (fig.  35).  Lymphatics 
differ  from  veins  in  being  much 
more  uniform  in  size,  and  in  being 
interrupted  at  many  points  of  their 
course  by  certain  rounded  bodies 
termed  lympliaiic  glands. 

Most  of  the  lymphatics  empty 
their  contents  into  the  thoracic  duel 
(fig.  35),  a  vessel  about  the  size  of  a 
crowquill,  which  runs  up  inside  the 
vertebral  column,  and  terminates  by 
opening  into  the  venous  system  at 
the  point  where  the  vein  coming 
from  the  left  arm  (left  suhclavian 
vein)  joins  the  vein  coming  from  the 
left  side  of  the  neck  (left  jugular). 
The  aperture  at  this  point  is  guarded 
by  a  valve  which  prevents  any  blood 
flowing  from  the  veins  into  the  tho- 
racic duct.  The  remaining  lympha- 
tics unite  and  open  in  a  similar 
manner  into  the  veins  on  the  right 
side  of  the  body. 
On  entering  a  lymphatic  gland  the  lymphatic  vessels 
are  subdivided,  forming  a  network  of  capillaries,  which 
are  again  united  in  the  vessels  which  leave  the  gland. 

The  lymphatic  glands  are  richly  supplied  with  blood- 
vessels, but  these  do  not  communicate  directly  with  the 
lymphatics. 


Fit:.  35.  A,  lympliaiic  glaial 
enlru-getl ;  a,  a,  a,  vessels  con- 
veying lymph  to  the  gliiml ;  4, 
vessels  conveying  it  aw.-iy  ;  B, 
a  lymphatic  vessel  opened  to 
show  pairs  of  valves  ;  C,  lymph 
corpuscles  magnilied  400  diame- 
ters. Marshall.) 
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Lacteals.  This  is  only  another  name  for  tlio  h/ui- 
j^haiics  of  tho  intestines.  The  small  vessels  occuiDyiup: 
the  interior  of  the  villi  of  tho  intestines,  are  tho  ter- 
minations of  the  lacieals  (p.  45).  Tho  trunks  of  these 
I'l/mphatics  or  lacieals  traverse  the  mesentery  as  they  pass 
from  the  intestine  to  join  tho  thoracic  duct,  and  tho 
lymphatic  glands  which  are  found  upon  them  at  this 
part  are  termed  mesenteric  glands. 

The  lower,  enlarged  portion  of  the  thoracic  duct  which 
receives  the  lacteals  is  termed  the  recejptacle  or  cistern  of 
the  chyle. 

Lymph.  The  fluid  found  in  the  lymiDhatics,  and 
termed  lymph,  is  allcaline  and  contains  nucleated  cor- 
puscles. It  is  in  fact  similar  to  blood  in  composition, 
except  that  the  red  corpuscles  are  absent  and  it  contains 
a  larger  proportion  of  water.  The  chyle  when  absorbed 
from  the  intestine  contains  granules,  but  not  nucleated 
corpuscles.  The  latter  are  only  found  in  it  after  it  has 
passed  through  some  of  the  lymphatic  glands.  It  is  in 
these  glands  that  the  process  of  converting  chyle  into 
blood  appears  to  commence,  for  after  passing  through 
them,  the  fluid  contains  not  only  corpuscles  but  fibrin, 
and  will  coagulate  spontaneously.  Lymph  corpuscles 
have  the  same  structure  as  the  colotirless  corpuscles  of 
the  blood. 

Lymph  is  constantly  being  absorbed  by  the  lymphatic 
capillaries,  and,  eventually  poured  into  the  venous 
system.  The  quantity  of  this  fluid  thus  added  to 
the  blood  daily  is  probably  about  equal  to  the  total  quan- 
tiiy  of  blood  in  the  body.  Lymph  consists  partly  of 
the  chyle  absorbed  by  the  lacteals,  but  chiefly  of  blood 
flasma,  which  has  exuded  through  the  walls  of  the 
blood  capillaries,  and  not  having  been  again  absorbed 
by  the  bloodvessels  proper,  is  taken  up  by  the  lymphatics. 

Peactical  Section. 

Dissection  of  a  Sheep's  Heart.  It  is  best  to  obtain  a  sheep's 
heart  with  the  lungs  attached,  as  the  position  of  the  heart  will  be 
better  understood  than  if  it  be  cut  away  from  its  surroundings. 
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Lot  the  lungs  bo  laid  upon  a  dish  so  that  the  heart  is  uppermost, 
with  its  apox  turned  towards  the  operator. 

The  lino  of  fat  which  extends  from  the  upper  and  left  side  of 
the  heart*  downwards  and  across  towards  the  right  side,  indicates 
the  division  between  the  right  and  left  ventricles.  Examine  the 
large  vessels,  and  by  reference  to  figure  30  make  quite  certain 
which  are  the  aorta,  the  pulmonary  artery,  the  superior  and  in- 
ferior vencB  cava,  and  the  pulmonary  veins.  It  will  be  of  service 
to  attach  threads  with  numbers  to  the  vessels,  so  that  they  may 
be  distinguished  when  separated  from  the  surrounding  parts. 

Having  separated  the  heart  from  the  lungs,  cut  out  a  portion  of 
the  wall  of  the  right  ventricle  towards  its  lower  part,  so  as  to  lay 
the  cavity  open.  Gradually  enlarge  the  aperture  until  the  chorda 
tendinece  and  the  membranous  flaps  of  the  tricuspid  valve  are  seen. 
Continue  to  lay  open  the  ventricle  towards  the  pulmonary  artery 
until  the  semilunar  valves  come  into  view.  The  pulmonary  artery 
may  now  be  opened  from  above  so  as  to  display  the  upper  surfaces 
of  the  semilunar  valves.  Remove  part  of  the  wall  of  the  right 
auricle,  and  examine  the  right  auriculo-ventricular  apertui-e; 
notice  also  the  entrance  of  the  vence  cava  and  coronary  vein. 

The  heart  may  now  be  turned  over,  and  the  left  ventricle  laid 
open  in  a  similar  manner.  Notice  that  the  auriculo-ventricular 
valve  of  this  side  {the  mitral)  has  only  two  flaps.  The  form  of  the 
valves  is  better  seen  if  they  are  placed  under  water  and  allowed 
to  float  out.  Observe  that  the  walls  of  the  left  ventricle  are  much 
thicker  than  those  of  the  right.  Open  the  left  auricle,  and  observe 
the  entrance  of  the  pulmonary  veins,  and  the  passage  into  the 
ventricle. 

The  ventricular  cavity  should  now  be  opened  up  as  far  as  the 
aorta,  and  the  semilunar  valves  examined.  Cut  open  the  aorta, 
and  notice  the  form  of  the  semilunar  valves  and  the  openings  of 
the  coronary  arteries. 

Circulation  in  a  Frog's  Foot.  In  order  to  see  the  blood  cir- 
culating in  the  membrane  of  a  frog's  foot,  it  is  necessary  to  fix  the 
frog.  For  this  purpose  obtain  a  piece  of  soft  deal,  about  six  inches 
long  and  three  wide,  and  half  an  inch  thick.  At  about  two  inches 
from  one  end  of  this  cut  out  a  hole  three  quarters  of  an  inch  in 
diameter,  and  cover  it  with  a  piece  of  glass,  which  should  be  let 
into  the  wood  so  as  to  be  level  with  the  surface.  Then  tie  up 
the  frog  in  a  wet  cloth,  leaving  one  of  the  hind  legs  outside. 
Next  fasten  a  piece  of  cotton  to  each  of  the  two  longest  toes, 
but  not  too  tightly  or  the  cu'culation  will  be  stopped.  Tie  the 
frog  upon  the  board  in  such  a  way  that  the  foot  will  just  come 
over  the  glass  in  the  aperture.  Pull  carefully  the  pieces  of  cotton 
attached  to  the  toes  so  as  to  spread  out  the  membrane  between 


*  Tho  left  side  of  the  heart  will  be  to  the  right  hand  of  the  observer,  and 
the  right  side  to  his  left  hand. 
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them  over  the  glass.  Fasten  tho  threads  by  drawing  them  into 
notches  cut  in  the  sides  of  the  board.  Tho  board  shoukl  now  bo 
fixed  by  elastic  bands,  or  by  any  other  convenient  means,  upon 
the  stage  of  the  mioroscopo,  so  as  to  bring  the  membrane  of  tho 
foot  under  tho  object  glass.  The  membrane  should  be  occasion- 
iUly  moistened  with  ^Yater. 


CHAPTER  VIII. 


RESPIRATION. 
Structiu'e  of  the  Lungs,  etc.    We    have  already 
seen  sometliing  of  the  changes  undergone  by  the  blood 
in  passing  through  the  lungs.    We  have  now  to  con- 
sider the  structure  of  these 
organs,  and  the  manner  in 
which  their  functions  are 
performed.    The  essential 
point  in  respu'ation  is  to 
bring  the  blood  into  such 
relation  with  atmospheric 
air  that  -it  may  obtain  the 
oxygen  which  it  requires, 
and  get  rid  of  a  certain 
amount   of   its  carbonic 
acid. 

In  the  front,  at  the  lower 
part  of  the  pharynx,  and 
just  at  the  back  of  the 
tongue,  is  the  opening  of 
the  glottis,  protected  by  its 
lid  the  ejnglottis.  Imme- 
diately within  this  aper- 
ture is  the  larynx,  a  com- 
plicated apparatus  for  the 
production  of  the  voice,  to 
be  considered  further  on. 
Directly  below  the  larynx  is  the  trachea,  a  tube  which 
divides  at  its  lower  end  into  two  branches,  or  IroncM, 
one  of  which  goes  to  each  lung.    Further  subdivision 


Fib.  3H.  Trncliea  and  left  lung  :  or,  thyroid, 
.-iiul  b,  cricoid  ciirtilages  ;  c,  trachea,  dividing 
below  Into  two  brouclii.al  tubes  ;  d,  left  lung  ; 
c,  c,  smaller  bronchial  tubes  of  the  right  side, 
the  substance  of  the  lung  having  been  removed. 
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then  takes  place  until  the  Ironchial  tubes  are  reduced 
to  about  the  y^oth  of  an  inch  in  diameter,  Avhen  they 
terminate  in  little  bags  (air  cells  or  air  vesicles)  with 
sacculated  walls.  The  air  cells  are  closely  aggregated  into 
masses  called  lobules,  and  it  is  these  which  make  up  the 
substance  of  the  lungs. 

The  trachea  and  the  bronchi  before  entering  the  lungs 
are  titrengthcned  by  rings  of  cartilage,  these,  however, 

do  not  quite  surround  the 


tubes,  but  are  open  at  the 
back.  Some  of  the  smaller 
bronchi  are  provided  with 
small  irregular  plates  of 
cartilage.  The  use  of  these 
cartilages  is  to  keep  the 
tubes  permanently  open  so 
that  the  air  may  pass  in 
and  out  freely. 

The  trachea  and  all  the 
lai'ger  bronchi  are  lined 
with  ciliated  einthelium 
(p.  169),  and  then'  walls 
contain  unstriped  muscu- 
lar fibres,  and  a  consider- 
able quantity  of  elastic  tis- 
sue. The  smaller  tubes 
have  no  cilia,  and  are 
formed  almost  wholly  of 
an  elastic  membrane.  The  cells,  likewise,  have  no  cilia. 
Numerous  small  mucous  glands  ai'e  found  in  the  walls 
of  the  trachea  and  larger  bronchi. 

The  branches  of  the  pulmonary  ai'tery  divide  and 
subdivide  in  the  substance  of  the  lung,  until  they  be- 
come extremely  fine  capillai-ies,  about  3-^00 1 
in  diameter,  or  even  smaller,  and  form  a 
network  upon  the  walls  of  the  au'  cells ;  so  that  the 
blood  they  contain  is  only  separated  from  the  air  of 


Via.  37.  A  portion  of  lung,  showing  two 
lobules,  a,  a ;  the  Buiallex-  divisions  are  the 
air  cells  6,  an  ultimate  bronchial  tube  ;  mag- 
uiSed  about  25  diameters.  IKiUiker.) 


^th  of  an  inch 
very  close 


the  air  cells  by  the  very  thin  walls  of  the  capillary  and 
of  the  air  cell. 
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The  double-walled  sacs,  or  pleuraa,  in  wliich  the  lungs 
arc  contained  liave  already  been  described  (p.  IG). 

The  Mechanism  of  Inspiration  and.  Expiration. 
Notwithstanding  the  free  coniniunication  bet\veen  the 
minute  air  cells  of  the  lungs  and  the  extci-nal  air  by 
means  of  the  bronchi  and  trachea,  the  air  of  the  cells 
-would  soon  become  deprived  of  too  much  of  its  oxygen 
and  charged  with  too  much  carbonic  acid  to  allow  the 
necessary  exchange  of  gases  to  take  place,  were  there  not 
some  means  of  introducing  fresh  air  into  the  lungs.  This 
supi^ly  of  fresh  air  is  maintained  by  breathing,  or  resin- 
rution,  which  consists  in  first  drawing  air  into  the  lungs 
(iiisi)iratioii) ,  and  then  forcing  it  out  again  {expiration'). 
These  processes  are  performed,  in  ordinary  breathing, 
chiefly  by  muscles  placed  between  the  ribs,  called  inter- 
costals,  by  the  diaphragm,  and  by  the  elasticity  of  the 
lungs. 

The  cavity  of  the  thorax  is  entirely  filled  by  the  lungs, 
the  heart,  and  the  great  vessels,  these  organs  being  in 
contact  with  its  walls  and  with  the  diaphragm  below. 
The  cavity  is  also  completely  closed,  and  the  elastic  walls 
of  the  lungs  are  always  somewhat  stretched  in  order  to 
fill  it ;  so  that  when  an  opening  is  made  into  the  cavity, 
the  elasticity  of  the  lungs  immediately  comes  intoplayand 
they  shrink  considerably.  While  the  thorax  is  entire 
the  lungs  cannot  shrink,  because  to  do  this  they  would 
have  to  produce  a  vacuum  between  themselves  and  the 
walls  of  the  chest,  and  as  the  pressure  of  the  atmo- 
sphere acting  upon  them  through  the  trachea  and  bronchi, 
causes  them  to  fill  the  cavity,  it  would  be  necessary  for 
them  to  contract  with  a  force  greater  than  the  pressui'e 
of  the  atmosphere  (15  pounds  to  the  square  inch),  which 
force  they  are  quite  incapable  of  exerting.  When, 
however,  an  opening  is  made  into  the  cavity  of  the 
thorax  the  pressure  of  the  atmosphere  upon  the  outside 
of  the  lungs  becomes  the  same  as  that  upon  the  inside, 
and  they  shrink  by  reason  of  their  own  elasticity.  If 
when  the  thorax  is  enth'e,  the  size  of  its  cavity  be  in- 
creased, air  is  drawn  in  through  the  trachea,  and  the 
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lungs  are  furtlicr  .stretched  so  as  to  occupy  the  increased 
space.  If,  on  the  other  hand,  the  capacity  of  the  thorax 
be  lessened,  the  lungs  arc  compressed,  or  rather  are 
allowed  to  shrink,  and  a  portion  of  the  air  is  di-iven  out. 

Inspiration.  The  enlargement  of  the  cavity  of  the 
tJiora.v  may  be  accomplished  in  two  ways,  viz.,  by  raising 
the  ribs,  or  by  lowering  the  diaphi-agm. 

The  manner  in  which  the  ribs  are  raised  is  peculiar. 
The  ribs,  which  ai'e  movable  upon  the  vertebral  column, 
are  directed  downwards  and  forwards,  and  connected 
iu  front  with  the  sternum  by  means  of  the  costal  car- 
tilages. Between  the 
ribs  are  the  intercos- 
tal muscles,  which 
are  arranged  in  two 
sets,  the  one  exter- 
nal, the  other  inter- 
nal. The  former  pass 
from  the  rib  above, 
downwards  and  for- 
wai'ds  to  the  one  next 
below,  while  the  lat- 
ter pass  from  above 
downwards  and 
backwards.  When 
the  external  intei'- 
costal  muscles  con- 
tract, the  ribs  are 
di'awn  upwards,  and  the  sternum  is  raised  and 
carried  forward,  increasing  the  distance  between  it  and 
the  vertebral  column.  At  the  same  time,  by  the  con- 
traction of  these  muscles,  the  arch  of  each  rib  is  raised, 
and  the  width  of  the  chest  increased.  The  internal 
intercostal  muscles  have  just  the  opposite  effect ;  that  is 
to  say,  when  they  contract  they  draw  the  ribs  down,  and 
thus  reduce  the  size  of  the  cavity.  The  muscles  placed 
between  the  costal  cartilages  tend  to  raise  the  ribs. 

For  further  explanation  of  the  action  of  the  intercostal 
muscles,  see  p.  86. 


Fic.  38.  .Side  view  of  three  ribs,  to  show  the  IntercosUil 
tiiuscles  ;  it,  vertebrre  ;  b,  sternuiu  ;  c,  ribs  ;  <l,  costal  car- 
tilages ;  e,  exteriiai  intercost^il  muscles  ;/,  iutcrual  iuter- 
cobtiila,  tlie  extenuil  muscles  having  bceu  ilissected  awjiy. 
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The  dkqyJiragm  (fig.  IG),  is  a  strong,  aroliod  partition 
between  the  thorax  and  tho  abdomen.  It  is  always 
ijonvex  above  and  concave  below.  From  the  central 
loortion,  -which  is  tendinous,  muscles  extend  towards  tho 
[■ribs  and  spine. 

The  action  of  the  diaphragm  is  easily  understood, 
[ft  is  obvious  that  when  its  muscles  contract  the  arch  will 
loe  drawn  downwards,  and  consequently  the  cavity  of  the 
t':horax  will  be  enlarged.  When  the  diaphragm  contracts 
u  pressure  is  exerted  on  the  viscera  of  the  abdomen 
iwhich  caiises  its  front  wall  to  be  thrust  out.  This  kind 
ijf  respiration  is,  in  consequence,  termed  abdominal  or 
'liaphragmatic ;  while  that  brought  about  by  the  raising 
if  the  ribs  is  known  as  costal  respiration. 

Under  ordinary  circumstances,  both  kinds  of  respi- 
■\ition  take  place  at  the  same  time.  In  men,  however, 
ihe  respiration  is  chiefly  abdominal,  while  in  women  the 
■  ostal  is  the  more  important. 

The  diai)liragm  is  supplied  by  the  phrenic  nerve,  which 
lU'ises  from  certain  of  the  spinal  nerves  of  the  cervical 
vegion. 

Expiration.  Inspiration  having  been  accomplished 
iiy  the  means  just  indicated,  the  lungs  and  walls  of  the 
ihorax  are  in  a  state  of  considerable  tension  ;  and  in 
uirdinary  breathing,  when  the  muscles  of  the  ribs  and 
IJiaphragm  relax,  the  elasticity  of  the  parts  is  sufficient 
oo  expel  the  air  from  the  lungs.  When,  however,  the 
expiratory  act  is  to  be  performed  with  more  than  ordin- 
iiry  force,  as  in  speaking,  singing,  etc.,  the  internal 
nntercostals  come  into  play  to  depress  the  ribs,  while  the 
ilbdominal  muscles  by  pressing  npon  the  viscera  force 
the  diaphragm  upwards,  and  so  the  air  is  driven  out  from 
the  lungs. 

Different  Kinds  of  Respiratory  Acts.  Sighing  is 
ii  imply  a  rather  prolonged  inspiration. 

Hiccough  is  an  inspiratory  act  produced  by  the  spas- 
inodic  action  of  the  diaphragm ;  the  air  passing  suddenly 
Ihrough  the  vocal  chords  (p.  154),  produces  the  peculiar 
icound  by  which  this  act  is  accompanied. 

a 
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Coughin(/.  This  consists  first  in  a  deep  inspiration  and 
closing  of  the  glottis  ;  then  the  expiratory  muscles  acti?ig 
strongly,  suddenly  force  open  the  glottis,  and  drive 
the  air  through  the  mouth. 

Sneezing  is  very  similar  to  coughing,  but  the  base  of 
the  tongue  and  the  soft  palate  closing  the  passage  into 
the  mouth,  the  air  is  expelled  through  the  nose. 

Sniffing  is  a  short,  quick,  inspiratory  act,  in  which,  the 
mouth  being  closed,  air  is  drawn  up  through  the  nose. 

The  effect  of  sudden  cold  upon  the  skin  is  to  cause  a 
spasmodic  inspiration;  for  instance,  if  the  feet  are 
plunged  into  cold  water  a  sudden  drawing  in  of  the 
breath  takes  place. 

Respiration  is  essentially  an  involuntary  action,  bat  Ls 
nevertheless  under  the  control  of  the  will.  All  the  in- 
voluntary acts  of  the  respiratory  organs  are  directly 
controlled  by  the  medulla  oblongata.  Sneezing,  cough- 
ing, hiccough,  etc.,  are  mostly  involuntary  respira- 
tory movements,  and  are  caused  by  what  is  termed 
reflex  nervous  action  (p.  102).  Sneezing,  for  example,  is 
caused  by  an  irritation  of  the  lining  of  the  nose.  In  this 
case  certain  nerves  in  the  mucous  membrane  of  the 
nasal  cavity  are  excited,  and  convey  an  influence  to  the 
medulla  ohlongata ;  this  part  of  the  brain  has  the  power 
of  converting  the  influence  thus  received  into  other 
nervous  actions  which  excite  the  respiratory  muscles 
in  such  a  way  as  to  cause  a  violent  expii'atory  act. 

Quantity  of  Air  Respired.  It  has  been  estimated 
that  about  350  cubic  feet  of  air  are  inspii-ed  and 
expired  daily  by  an  average  man  while  at  rest,  the 
amount  being  very  much  increased  during  exertion. 

About  20  to  30  cubic  inches  of  air  are  ordinarily  in- 
spired and  expired  at  each  respiratory  act. 

The  air  thus  passing  in  and  out  of  the  lungs  is  termed 
tidal  or  hreaihing  air.  After  an  ordinary  inspiration  the 
lungs  contain  about  230  cubic  inches  of  air. 

By  taking  a  deep  inspiration  about  100  cubic  inches 
more  of  air  can  be  taken  in  ;  this  extra  amount  is 
termed  com^lemental  air. 
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After  an  ordiuavy  expiration  about  200  cubic  iuclica 
.of  air  are  left  in  the  lungs,  but  by  forcible  expiration 
labout  half  of  this  may  bo  driven  out ;  this  is  termed 
'Supphiinoital  air.  The  lungs  can  never  be  entirely 
(emptied  of  air,  about  75  to  100  cubic  inches  always  re- 
imaiuing;  this  is  called  residual  air. 

Cubic  inchoa. 

Complomeutal  air         ....  100 

Tidal    .30 

Supplemental   ,,  100 

Eesiclual   100 

Total  capacity  of  lungs    .       .  330 

The  residual  and  su}'>jjlemental  air  do  not  leave  the 
Ilungs  during  ordinary  respiration. 

The  number  of  respirations  in  a  healthy  adult  vary 
:from  14  to  18  per  minute. 

Changes  which  the  Air  undergoes  in  the  Lungs. 
(Ordinary  atmospheric  air  consists  of  oxygen  and  nitrogen 
with  a  small  amount  of  carbonic  acid,  loatery  vapour, 
nind  traces  of  other  gases.  Every  10,000  volumes  of  air 
ccontain  about  7900  of  nitrogen,  2100  of  oxygen,  and 
Diot  more  than  3  of  carbonic  acid. 

If,  however,  air  -which  has  been  expired  be  examined, 
ibhe  proportions  of  its  constituents  will  be  found  to  be 
r.naterially  altered.  The  carbonic  acid  -will  be  found 
imcreased  to  about  470  parts,  the  oxygen  i-educed  to  1500 
?or  1600  parts,  the  quantity  of  watery  vapour  very 
.-greatly  increased,  and  the  temperature  of  the  air,  which 
before  entering  the  lungs  was,  say  60°  F.,  will  be  found 
'•aised  to  about  90°  or  100°  F. 

The  amount  of  nitrogen  in  expired  air  is  sometimes  a 
iittle  more  and  sometimes  a  little  less  than  in  air  which 
lias  not  been  insjnrcd. 

Expired  air  thus  dilfers  from  the  air  inspired  in 
Having  more  carbonic  acid,  less  oxygen,  more  watery 
rrapour,  and  a  higher  temperature. 

The  amount  dl' carbon  expired,  in  the  form  of  carbonic 
iccid,  during  24  hours,  is  about  eight  ounces. 
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Thus  it  will  be  seen  ihat  the  air  in  the  lungs  gains 
what  the  blood  loses,  and  loses  what  the  blood  gains. 

When  two  different  gases  are  jjlaced  in  contact  they 
immediately  begin  to  mix  with  each  other,  and  continue 
to  do  so  until  they  are  completely  mixed.  This  phy- 
sical process  is  called  the  diffusion  of  gases.  If  the  two 
gases  are  separated  by  a  dry  porous  partition  diffusion 
will  still  take  place;  modified  somewhat,  however,  by 
the  fact  that  a  dense  gas  will  not  pass  through  such 
partition  with  the  same  ease  as  a  lighter  one. 

If  the  partition  be  a  moist  animal  membrane  the 
diffusion  becomes  still  more  modified,  for  then  the  gas 
that  is  most  easily  dissolved  in  water  will  pass  through 
quickest.  If  carbonic  acid  be  placed  upon  one  side  and 
oxygen  upon  the  other,  it  will  be  found  that  the  carbonic 
acid  passes  through  quicker  than  the  oxygen,  the  former 
being  much  more  soluble  than  the  latter. 

These  physical  processes  enable  us  in  some  degree  to 
understand  the  changes  which  take  place  in  the  lungs. 
But  they  do  not  explain  them,  for  although  the  con- 
ditions in  the  lungs  are  just  those  of  the  moist  membran- 
ous partition  separating  oxygen  from  cai'bonic  acid,  yet 
instead  of  the  amount  of  oxygen  passing  in  beiug  less 
than  that  of  the  carbonic  acid  which  passes  out,  it  is 
rather  more.  Why  this  is  the  case  is  not  known  ;  it  must, 
however,  be  remembered  that  the  oxygen  (and  probably 
the  carbonic  acid  also)  is  held  in  chemical  combination 
with  certain  constituents  of  the  blood,  and  this  may 
modify  the  process  of  diffusion. 

There  is  another  point  to  be  borne  in  mind,  namely, 
that  it  is  the  residual  and  supplemental  air  of  the  lungs 
which  is  directly  concerned  in  arterializing  the  blood ; 
and  further  that  at  each  inspiration  diffusion  takes  place 
between  that  and  the  tidal  air. 

Asphyxia.  When  from  any  cause  a  sufficient  quantity 
of  pure  air  is  prevented  from  entering  the  lungs  the 
person  becomes  suffocated  or  asphyxiated.  In  cases  of 
strangling,  drowning,  or  choking,  the  cause  of  death  is 
the  same,  viz.,  a  want  of  fresh  air  to  artei-iahze  the  blood 
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The  result  is  tlie  same  wlictlier  air  is  altogctliov  pyo- 
wcntcd  from  entering  tlio  lungs,  or  Avlietlier  that  Avliich 
lis  breathed  has  too  little  oxygen  or  too  much  carbonic 
ficid.  In  cither  case  the  blood  does  not  become  artcrial- 
iized,  and  asj)}ti/.via  ensues. 

"Want  of  oxygen  appears  to  be  the  most  potent  cause 
tof  asphyxia ,  for  air  may  contain  15  or  20  per  cent,  of 
icarbonic  acid,  and  yet  if  the  amount  of  oxygen  be  also 
i increased,  it  can  be  breathed  without  producing  any 
I  immediate  ill  effect. 

The  direct  effect  of  want  of  oxygen  is  to  retard  and 
(eventually  stop  the  flow  of  blood  in  the  capillaries  of 
I  the  lungs.  This  prevents  the  blood  from  passing  out 
Lof  the  right  ventricle,  which  consequently  becomes 
Lg'orged  ;  as  do  also  the  right  auricle,  and  the  veins.  The 
lleft  side  of  the  heart  and  the  arteries  become  empty.  A 
IJack  of  arterial  blood  soon  causes  the  heart  and  all  the 
oorgans  of  the  body  to  cease  to  act,  and  death  takes  place. 

In  small  close  rooms  or  in  places  where  large  numbers 
oof  people  are  assembled,  and  there  is  not  sufficient 
^ventilation,  the  air  from  being  respired  becomes  over- 
IJoaded  with  carbonic  acid  and  deprived  of  much  of  its 
loxygeu,  and  therefore  unfit  for  further  respiration.  Per- 
>sons  respiring  such  air  feel  a  certain  uneasiness  and 
(difficulty  of  breathing,  and  the  faintness  which  is  often 
r'celt  under  such  circumstances  is  a  form  of  asphyxia.  If 
;r,uch  air  be  habitually  breathed,  as  it  is  by  persons  who 
it'emain  in  close  workrooms  many  hours  daily,  the  blood 
Jloes  not  become  properly  arterialized,  consequently  the 
.organs  of  the  body  lose  their  vigour  and  are  more  liable 
;co  disease.  A  sufficient  and  constant  sujjply  of  pure  air 
iLherefore  is  absolutely  essential  to  the  maintenance  of 
laealth. 

Pkactical  Section. 

Examination  of  Lungs,  etc.  The  cavities  of  the  mouth  aud 
iliorax  of  a  dead  rabbit  having  been  laid  open  (as  directed  for 
'ixamining  the  alimentary  canal,  p.  54),  the  trachea  is  traced 
ripwards  to  the  back  of  the  tongue,  and  dissected  away  from  the 
)iiharynx,  which  lies  behind  it.   The  tongue  may  then  be  cut  out 
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SO  as  to  bring  tbo  trachea  with  it ;  and,  provided  the  upper  ribs 
liavo  all  been  cut  through  in  opening  the  thorax,  there  will  be  no 
diiliculty  in  separating  the  trachea  from  the  surrounding  parts. 
But  the  lungs  and  heart  (which  should  not  be  severed  from 
the  trachea) ,  are  held  in  position  by  the  aorta  and  other  large 
vessels.  These  must  now  be  cut  through,  in  order  to  remove  the 
lungs  from  the  thorax. 

The  relation  of  the  glottis  and  epiglottis  to  the  tongue  having 
been  examined,  the  two  large  cartilages  at  the  top  of  the  trachea 
{the  cricoid  and  thyroid  carlHa(ies)  should  be  noticed.  These  two 
cartilages  form  the  box  in  which  the  organ  of  voice  is  situated. 
Notice  that  the  rings  of  cartilage  which  give  rigidity  to  the 
trachea  are  not  quite  complete  behind.  Insert  a  tube  into  the 
trachea,  and  inflate  the  lungs  by  blowing  into  them.  Their 
elasticity  will  cause  them  to  shrink  again  when  the  blowing 
is  discontinued.  By  dissecting  away  the  substance  of  the  lung, 
the  bronchi,  accompanied  by  the  bloodvessels,  may  be  traced  for 
some  distance ;  but  to  see  the  smaller  vessels  and  capillaries, 
they  requu-e  to  be  injected  with  some  coloured  fluid,  and  very 
thin  slices  of  the  lung  examined  with  the  microscope. 

The  Action  of  the  Intercostal  Muscles.  The  action  of 
these  muscles  is  not  at  fii'st  easy  to  understand :  but  it  will  be 


Fio.  39.  Model  of  ribs  to  illustrate  the  .ictiou  of  tlie  intercost.il  muscles  ;  D,  !\s 
in  iuspiratiou ;  C,  us  iu  expiratiou. 


readily  comprehended  by  reference  to  a  model  such  as  that 
represented  in  fig.  39,  which  may  be  easily  made  by  the  stu- 
dent himself  -with  four  laths  of  wood,  fastened  together  at  the 
corners,  a,  &,  c,  rf,  with  pins  or  small  screws,  so  as  to  be  movable. 
At  the  points  e,f,g,h,  pins  are  placed,  to  which  elastic  bands 
may  be  attached  (fig.  A),  a,  b,  represents  the  vertebral  column; 
c,  d,  the  sternum ;  and  a,  d,  and  b,  c,  the  ribs.  The  elastic  band, 
f,  g,  represents  the  external  intercostal  muscles,  and  c,  h,  the 
internal  intercostals.  If  now  the  elastic  baud  c,  h,  be  removed, 
the  remaining  band  /,  g,  will  tend  to  bring  the  two  points  to 
which  it  is  attached  nearer  together,  and  the  result  -ffill  be  that 
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\lhe  bars  a,  (Z,  and  c,  will  bo  drawn  upwards  (fig.  B),tliat  is, 
iiu  the  same  direction  as  the  ribs  in  tbo  act  of  inspiration.  When 
!ihe  elastic  baud,  e,  h,  is  allowed  to  exert  its  force,  the  opposite 
<  3ffect  wHl  be  produced  (fig.  0) ;  in  this  case  representing  the 
i  position  of  the  ribs  in  an  act  of  expiration. 

Demonstration  of  the  presence  of  Carbonic    Acid  in 
lExpired  Air.    One  of  the  characteristic  properties  of  carbonic 
icid  is  that  when  added  to  an  aqueous  solution  of  lime,  it  coni- 
nes  with  the  lime,  forming  carbonate  of  lime,  which,  being 
asoluble  in  water,  becomes  precipitated,  and  gives  to  the  liquid 
I  ci  milky  appearance. 

Put  a  piece  of  ordinary  qtdck  lime  into  a  bottle  with  some 
,  vwater;  shake  it,  and  allow  it  to  stand  until  quite  clear.    Pour  off 
ilhe  clear  liquid  (which  will  contain  lime  in  solution)  into  a  tumbler 
lOr  other  glass  vessel ;  with  a  syringe  cause  ordinary  atmospheric 
I  rair  to  bubble  through  the  Uquid :   little  or  no  effect  \vill  be 
]  jroduced.* 

Now  put  the  end  of  a  glass  or  iudiarubber  tube  into  the 
I  rnnouth,  and  allow  the  other  end  to  dip  into  the  solution  of  lime  ; 
j  ket  the  air  which  is  being  expired  bubble  through  the  fluid.  The 
h.iquid  will  very  soon  become  cloudy,  on  account  of  the  combina- 
idon  of  the  carbonic  acid  contained  in  the  expii'ed  ail'  with  the 
liime  in  the  solution,  as  mentioned  above. 


CHAPTER  IX. 

ANIMAL  HEAT. 

Heat  not  evolved  in  the  Lungs  alone.  Although 
[the  heat  of  the  body  is,  without  doubt,  dependent  upon 
tbhe  oxygen  supplied  to  the  blood  in  the  lungs,  yet  the 
pDrocess  of  oxidation,  which  is  the  immediate  cause  of  the 
neat,  takes  place  througliout  the  system. 

Process  of  Oxidation.  The  internal  temperature  of 
Ilhe  body  is  maintained  at  about  100°  Fahrenheit,  what- 
:?ver  may  be  the  temperature  of  the  surrounding  atmo- 
•pphere.  Heat  is  generated  wherever  oxidation  occurs; 
und  whether  the  chemical  combination  takes  place 
n^apidly,  as  is  the  case  in  an  ordinary  fire,  or  slowly,  as 
m  the  capillaries  of  the  body,  the  heat  generated  is 


•  The  carbonic  acid  of  the  atmospliere  may  make  the  fluid  Eomewhat 
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proportionate  to  tlie  amount  of  material  oxidized.  The 
chief  source  of  heat  in  the  body  is  the  oxidation  of 
materials  derived  from  the  fats  and  amyloids  taken  as 
food ;  but  in  the  capillaries  of  the  body  generally,  the 
materials  of  wliicb  the  tissues  are  composed  combine 
with  the  oxygen  of  the  blood,  forming  carbonic  acid,  urea, 
and  ivater;  and  in  all  these  processes  heat  is  evolved. 

In  very  cold  climates  it  becomes  necessai'y  to  supply 
the  body  witli  a  considerable  amount  of  readily  oxidiz- 
able  food,  in  order  to  maintain  the  requisite  temperature; 
hence  it  is  that  tlie  inhabitants  eat  and  drink  enonnous 
quantities  of  fat  and  oil. 

Regulation  of  the  Temperature  of  the  Body. 
Oxidation  does  not  take  place  equally  in  all  parts  of  the 
body,  being  more  rapid  in  parts  which  are  in  active 
exercise  than  in  those  which  are  quiescent.  The  con- 
stant flow  of  the  blood,  however,  equalizes  the  tem- 
perature by  conveying  heat  from  the  warmer  to  the 
cooler  parts.  Without  this  constant  circulation  of  warm 
blood,  the  surface  of  the  body  would  be  rapidly  cooled 
by  the  radiation  of  its  heat ;  but  the  continual  flow  of 
the  warm  fluid  from  deeper  parts  to  the  surface,  and  its 
quick  return  to  the  deeper  parts,  maintain  the  exterior 
of  the  body  at  very  nearly  the  same  temperature  as 
the  interior. 

The  heat  of  the  body  is  further  regulated  in  a  remark- 
able manner.  The  moisture  or  pei'spiration  which  is 
constantly  evaporating  from  the  surface  of  the  skin 
(pp.  24,  93),  carries  ofi"  a  considerable  amount  of  heat. 
The  quantity  of  joerspiration  depends  upon  the  condition 
of  the  small  vessels  and  capillaries  which  supply  the 
glands  of  the  skin.  If  these  vessels  are  relaxed,  more 
blood  flows  through  them,  and  consequently  more  perspi- 
ration is  secreted  and  thrown  out  upon  the  skin.  Now 
the  condition  of  the  bloodvessels  is  affected,  through  the 
influence  of  the  nerves,  by  every  change  in  the  temper- 
ature of  the  medium  surrounding  the  body.  If  this 
temperature  be  increased,  the  nerves  are  affected  in  such 
a  manner  as  to  allow  the  muscles  of  the  vessels  to  relax  ; 
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the  result  is  that  more  perspiration  is  exuded,  and  this 
in  evaporating  carries  off  the  extra  heat.  If,  on  the 
other  hand,  the  temperature  of  the  surrounding  medium 
is  lowered,  the  nerves  are  affected  in  such  a  manner  as 
to  cause  the  small  bloodvessels  to  contract,  by  which 
tlie  amount  of  perspiration  is  lessened,  and  the  loss  of 
heat  by  evaporation  reduced. 


CHAPTER  X. 

SECRETION  AND  EXCRETION. 

Definitions.  There  are  certain  organs  of  the  body 
having  for  their  function  the  separation  of  particular 
matters  fi'om  the  blood.  When  the  matters  are  sepa- 
rated in  order  to  be  again  made  use  of  in  the  body,  they 
are  termed  seci-etions ;  and  the  organs  which  subserve 
this  pui"pose  are  called  secretory  organs.  When,  however, 
the  materials  are  eliminated  so  that  they  may  be  thrown 
out  of  the  system,  they  are  called  excretions,  and  the 
organs  performing  this  work  are  termed  excretory  organs. 
The  secretory  organs  are  the  liver  and  pancreas,  salivary, 
gastric,  intestinal,  lachrymal,  Meibomian,  and  mammary 
glands,  and  the  serous,  synovial,  and  mucous  membranes, 
etc.  The  excretory  organs  are  the  shin,  lungs,  and 
Mdneys. 

Process  of  Secretion.  The  exact  manner  in  which 
the  various  secretions  are  eliminated  is  not  known  ;  but 
it  appears  that  the  cells  lining  the  gland  extract  from 
the  blood  certain  materials  by  which  they  grow,  and 
that  the  fluid  they  contain,  which  is  the  secretion,  is  set 
free  by  the  absorption  or  bursting  of  the  cell  wall. 

The  secretion  of  some  glands  is  increased  if  the  nerves 
which  supply  them  be  irritated.  For  instance,  if  the 
nerve  supplying  the  salivary  glands  be  excited,  the 
saliva  is  directly  poured  out  in  greater  abundance.  It 
is  not  known  whether  this  effect  is  due  to  the  action 
of  the  nerve  upon  the  bloodvessels  connected  with  the 
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gland,  causing  them  to  dilate,  and  so  to  supply  more 
blood  to  the  gland,  or  whether  it  is  due  to  the  direct 
eflfect  of  the  nerve  upon  the  secreting  tissues. 


A.— SECRETORY  ORGANS. 

Serous  Membranes.  These  consist  of  a  flat  expan- 
sion of  epithelial  cells,  supported  upon  a  basement  mem- 
brane, under  which  are  blood  capillaries,  sui-rounded  by 
connective  tissue.  These  parts  are  found  in  all  secretory 
and  excretory  organs,  however  they  may  be  modified. 
Such  membranes  line  the 2^encardium,]]e)-itoimim,2:)leurcB, 
etc.,  and  the  exudation,  or  secretion,  which  takes  place 
from  their  surfaces,  keeps  them  constantly  moist. 

Synovial  Membranes.  These  line  the  shut  sacs 
called  synovial  caiosides,  found  between  the  articulating 
surfaces  of  bones  (p.  150),  and  other  parts  where  there 

is  considerable  friction. 
Their  Secretion  is 
termed  synovial  fluid. 

Mucous  Membranes. 
These,  which  are  simi- 
lar in  structure  to  the 
two  just  mentioned, 
line  the  entire  alimen- 
tary canal  and  the  res- 
piratory and  urinary 
organs  ;  at  the  apertures 
of  the  body,  as  upon  the 
lips,  they  are  continuous 
with  the  skin.  The 
secretion  of  this  kind  of 
membrane  is  termed 
mucus. 

Secretory  Glands. 
There  are  many  forms 
of  glands  ;  the  simplest 
consists  merely  of  a 
tubular  depression  of 
the  membrane,  forming  what  is  termed  a  tubular  gland 


Fkj.  40.  Dingrftiii  to  illustrato  tlie  vanous  foriiia 
of  glands  :  tho  broad  dark  lino  represents  the  layer 
of  connective  tissue  and  blood  capillaries  ;  tbc  nar- 
row line,  the  so-called  basement  luenibrane,  and  the 
dotted  lino  the  epithelium  :  1,  simple  tubular 
gland  ;  2,  saccular  form  :  3,  a  coiled  tube ;  4,  5. 
inultilocular  gland  ;  6,  compound  tubular  gland ; 
7,  compound  saccular  or  racemose  glnnd. 
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(fig.  40).  Of  this  kind  are  the  gastria  follicles  (fig.  21) 
and  Lieheyhuhn's  glands.  The  sweat  glands  (fig.  41)  are 
simply  tubular  depi'essions  of  the  skin,  the  inner  end 
being  coiled  up.  The  Meibomian  follicles  in  the  eyelid 
(fig.  G7)  are  tubular  glands,  the  sides  of  which  are 
sacculated.  The  sebaceous  glands,  which  may  be  found 
opening  into  most  hair  sacs  (p.  93),  have  the  inner  por- 
tion sacculated.  The  inner  end  of  the  tube  may  be 
divided  into  numerous  branches,  each  ending  in  a  little 
sac  or  acimis ;  such  glands  are  termed  racemose.  The 
salivary  and  lachrymal  glands  and  the  pancreas  be- 
long to  this  last  group. 

The  narrow  tubular  portion  of  a  gland,  by  which  its 
secretion  is  conveyed  away,  is  termed  its  duct. 

The  liver  and  ^pancreas  have  already  been  described  in 
connection  with  the  alimentary  canal  (pp.  '^6^,  50). 

Ductless  or  Vascular  Glands.  The  organs  known 
by  this  name  are  certain  structures  usually  termed 
glands,  but  whose  functions  are  not  known.  None  of 
them  have  any  special  duct.  They  are  the  thyroid  gland, 
situated  in  the  neck,  just  below  the  larynx  ;  the  thymus 
gland,  which  occupies  a  position  at  the  base  of  the 
heart  (this  is  largest  in  infants,  and  gi'adually  dis- 
appears as  age  advances)  ;  the  supra-renal  capsules, 
placed,  as  their  name  indicates,  one  above  each  kidney ; 
and  the  spleen.  The  spleen  is  a  dark  red  body,  placed 
in  the  abdominal  cavity  upon  the  left  side  of  the 
stomach.  It  is  supplied  with  blood  by  the  splenic 
artery ;  and  the  vein  by  which  the  blood  is  carried 
away  and  poured  into  the  vena  portce  is  called  the 
splenic  vein.  The  spleen  is  very  vascular  and  elastic ; 
when  cut  across,  the  surface  exposed  is  seen  to  be  dotted 
with  small  white  bodies,  called  the  splenic  corpuscles, 
each  of  which  is  found  upon  close  examination  to  be 
composed  of  very  minute  cells,  enclosed  in  a  network  of 
capillaries;  moreover,  each  splenic  corp^iscle  is  connected 
with  a  branch  of  the  splenic  artery.  The  blood  of  the 
splenic  vein  contains  more  white  corpuscles  and  fewer 
red  ones,  than  that  of  the  splenic  artery.  On  this  account 
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the  spleen  lias  been  tbougM  to  have  the  function  of  pro- 
ducing colourless  blood  corpuscles. 

B— EXCRETORY  ORGANS. 

The  Skin.  The  skin  is  not  only  an  important  organ 
of  excretion,  but  also  possesses  some  power  of  absorption. 

It  is  likcAvise  the  seat  of  the 
organs  of  touch,  and  serves  as  a 
protection  to  the  structures 
lying  beneath  it. 

The  skin  consists  of  two 
portions :  an  outer,  termed  the 
epidermis;  and  an  inner  called 
the  dermis,  or  true  skin. 

The  epidermis  is  formed  of 
layers  of  cells.  In  the  exterior 
layers  the  cells  are  flat,  but  in 
the  deeper  layers  they  are 
rounder  and  contain  the  colour- 
ing matter,  which  gives  the 
skin  its  tint. 

The  growth  of  the  epidermis 
takes  place  in  the  deeper  layers, 
the  cells  of  which,  becoming 
gradually  pushed  outward  and 
'J  flattened,  supply  the  place  of 
(/  those  which  have  been  worn 
away  from  the  outer  surface. 
There  are  no  bloodvessels  in 
the  epidermis. 

The  dermis,  which  lies  im- 
mediately beneath  the  epider- 
mis, difiers  from  it  in  being  richly  supplied  with  blood- 
vessels. It  is  also  abundantly  provided  with  nerves.  It 
might  be  expected  from  this  conformation,  that  the  fluids 
of  the  blood  would,  to  a  certain  extent,  exude  through 
the  epidermis.  This  in  fact  does  take  place  over  the 
whole  surface  of  the  body ;  but  to  what  extent  is  not 
known,  because  the  exudation  is  always  mixed  with  the 
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Fio.  41.  Asectiou  of  akin,  sliowiu^ 
Bwtjiit  glands :  a,  epidermis ;  b,  its 
deep  layer;  c  to  d,  dermis  or  true 
skiu  ;  c,  sweat  duct ;  /,  sweat  glands  ; 
!/,  fat  cells.  {KSllifiC/:) 
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products  of  certain  glands,  of  wliicli  we  now  come  to 
speak. 

If  the  palm  of  the  hand  be  examined  with  a  lens, 
it  will  be  found  traversed  by  minute  parallel  ridges,  on 
the  summits  of  which  rows  of  small  dots  or  pits  may 
be  seen.  These  dots  mai'k  the  openings  of  the  ducts  of 
the  sudoriparous  or  siueat  glands.  These  consist  of  coiled 
tubes  (fig.  41),  siu-rounded  by  numerous  capillaries,  and 
embedded  in  the  innermost  portions  of  the  dermis. 
The  ducts  from  these  glands  pass  through  the  dermis  and 
epidermis,  often  spirally,  and  open  upon  the  surface  of 
the  skin,  the  apertui-e  being  somewhat  oblique  and 
valve-like.  Sweat  glands  are  found  over  the  whole  sur- 
face of  the  body,  but  are  especially  numerous  upon  the 
palms  of  the  hands. 

The  sebaceous  glands  are  also  found  in  the  skin. 
They  are  minutely  lobulated  bodies,  surrounded  by  blood 
capillaries,  and  their  ducts  open  sometimes  upon  the  sur- 
face, but  more  frequently  into  the  sacs,  or  follicles,  in 
which  the  hairs  are  lodged.  These  glands  are  found  over 
the  whole  surface  of  the  body,  except  the  palms  of  the 
hands  and  the  soles  of  the  feet ;  and  are  most  numerous 
on  those  parts  where  hair  grows  most  abundantly.  They 
secrete  a  fatty  substance. 

Ordinarily  the  perspiration  does  not  collect  upon  the 
skin,  but  evaporates  as  fast  as  it  is  formed.  It  is  then 
termed  insensible  perspiration.  Under  certain  circum- 
stances, however,  as  for  example,  after  violent  exercise 
or  in  cases  of  mental  excitement,  the  excretions  of  the 
skin  are  poured  out  faster  than  they  can  evaporate; 
hence  they  collect  in  d»ops  upon  the  surface  of  the  body. 
This  is  called  sensible  perspiration,  or  sweat.  Carbonic 
acid  and  water  are  the  most  important  materials  got  rid 
of  by  the  skin.  The  amount  however  varies  very  con- 
siderably at  different  times.  It  has  been  estimated  that 
about  twice  as  much  water  passes  off  from  the  skin  as 
from  the  lungs,  while  the  amount  of  carbonic  acid  is 
only  about  one-thirtieth  or  one-fortieth  part  as  much. 

The  surface  of  the  dermis  is  covered  with  minute 
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elevations  termed  papillae.  These  are  abundantly  sup- 
plied with  bloodvessels,  and  project  into  the  epidermis, 
which  is  consequently  somewhat  thinner  over  the  points 
of  the  papilloe  than  elsewhere.  In  almost  all  the  papillaa, 
one  or  more  nerve  fibres  may  be  found,  terminating  in 
some  instances  in  peculiar  oval  bodies  termed  iaciilo 
corpuscles  (p.  114). 

Hairs  and  nails  are  both  modifications  of  epidermic 
cells,  and  are  therefore  parts  of  the  skin.  Their  intimate 
structure  will  be  found  described  at  p.  161. 

The  Lungs.  The  lungs  are  extremely  important  as 
organs  of  excretion.  They  separate  from  the  blood  both 
water  and  large  quantities  of  carbonic  acid.  It  has  how- 
ever been  found  more  convenient  to  describe  their  struc- 
ture and  action  under  another  heading  (p.  77). 

The  Kidneys.  There  are  two  of  these  organs,  and 
they  are  placed  in  the  abdominal  cavity,  one  on  each 

side  of  the  upper  lumbar  verte- 
bree.  In  shape  the  human  kid- 
neys resemble  those  of  the  sheep, 
but  are  larger.  Each  has  upon 
its  inner  side  a  depression  called 
the  Mlus.  It  is  at  this  point  that 
c  the  bloodvessels  enter  its  sub- 
stance, and  from  here  also  passes 
oS  the  duct  called  the  ureter, 
which  conveys  the  excreted 
matter  to  the  bladder.  The  two 
ureters  open  by  separate  apertures 
into  the  lower  part  of  the 
hladder. 

If  a  kidney  be  cut  in  half 
longitudinally  (fig.  42),  it  will 
be  seen  that  the  upper  part  of 
the  ureter  widens  out,  forming 
a  cavity,  the  so-called  pelvis.  Connected  with  this  arc 
about  twelve  short  branches  called  the  calyces.  Each 
calyx  receives  the  end  of  a  conical  projection  termed  a 
pyramid  (c). 


Fi«.  49.  Longltiiilin.il  sectlonot  nhu- 
iniLU  kidney  (oue-third  natural  size) : 
a,  cortical  substance ;  b,  medullary 
substance  ;  c,  pyramids  projectinj?  in- 
to the  calyces  or  prolongations  of  the 
pelvis,  rf,  fi-om  which  the  xireter,  e. 
passes  ofl' ;  /,  renal  ax-tery.  (Quani.) 
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The  snbstance  of  the  kidney  is  composed  of  two  por- 
tions, which  differ  somewhat  in  appearance.    The  outer 
or  darker  part  is  known  as  the  cortical  portion,  while  the 
inner  and  lighter  part  is  termed  the  inedullarij  portion. 
The  latter  forms  the  pyramids  just  mentioned.  The 
point  of  each  pyramid  is  perforated 
minute  openings,  which  are 
the    terminations   of  small 
tubes  called  iubuli  ^lrin'iferi. 
Each  of  these  tubuli  passes 
towards  the  cortical  portion, 
and  divides  into  a  number  of 
branches  (fig.  43).    These  at 
first  are  quite  straight  and 
narrow ;  but  afterwards  be- 
1  come  enlarged  and  convolu- 
ited,  and  after  forming  long 
!  loops,    genei'ally  end  in  a 
:  dilated  portion  called  a  Mal- 
ipighian  capside.    Each  Mal- 
ijnghian    capsule  receives  a 
;  small  artery,   which  enters 
upon  the  side  opposite  that 
by  which  it  is  connected  with 
tthe  tubule  (tigs.  44,  45),  and 
tthen  breaks  up  into  a  knot 
voi  fine  convoluted  capillaries 
termed   a  glomo'ulus.  The 
capillaries  are  again  collected  : 
ithis  time  into  a  small  vein, 
Twhich  leaves  the  capsule  close 
tto  the  point  where  the  artery 
;enters  it.    This  vein  does  not 
open  directly  into  a  larger 
■vein,  but  breaks  up  again  into 
iia  network  of  capillaries  sur- 
rrounding  the  tubules  (fig.  44).    The  blood  from  these 
ccapillaries  is  collected  into  a  vein  connected  with  the 
rrenal  vein.    The  tubuli  and  capsules  are  lined  with 


Fio.  43  Dlftffi-ammatlo  view  of  a  por- 
tion of  kidney :  a,  straiglit  uriiiiferons 
tubules  in  meduiljiry  part  ;  b,  convoli-.ted 
tubules  in  cortical  portion  ;  c,  Malpighiau 
bodies  ;  d,  arteries,  from  which  branches 
pass  to  tlio  glomeruli.  Tho  finer  vessels 
represent  the  capillary  bloodvessels  which 
surround  tho  tubuli. 
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epitlielial  cells,  continuous  with  those  of  tbc  mucous 
membrane  lining  the  ureter  and  the  pelvis  of  the  kidney. 
cIM^    c  is  known   with  certainty 

whether  or  not  the  glomeruhis  has 
a  covering  of  epithelium. 

The  elimination  of  the  urine 
from  the  blood  takes  place  in  the 
-Malpighiau  capsules  and  in  the 
Liibuli.  This  process  goes  on  con- 
stantly ;  and  the  fluid  passes  into 
the  pelvis  of  the  kidney,  and  thence 
through  the  ureter  it  enters  drop 
by  drop  into  the  bladder. 

Urine  when  fresh  has  usually  an 
acid  reaction ;  but  if  left  to  stand, 
it  soon  becomes  alkaline.  It  con- 
sists of  a  large  proportion  of  water, 
containing  urea,  uric  acid,  animal 
matters,  and  saline  substances,  to- 
gether with  very  small  proportions 
of  carbonic  acid,  oxygen,  and  nitro- 
gen. The  amount  excreted  varies 
being  influenced  by  many  circum- 
stances. It  has  been  estimated  that 
a  healthy  man  excretes  about  fifty 
ounces  daily. 

Supphj  of  Blood  to  the  Kidneys. 
Each  renal  artery  arises  directly 
from  the  aorta,  and  entering  the 
kidney  at  the  hilus,  supplies  it  with 
arterialized  blood.  Its  ultimate 
branches  enter  the  Malpighiau  cap- 
sules as  above  described.  The  blood 
is  collected  into  the  renal  vein, 
which,  leaving  the  kidney  also  at 
the  liihis,  opens  into  the  inferior 
vena  cava.  The  blood  does  not  be- 
come venous  in  passing  through 
the  kidney,  that  which  passes  out  by  the  renal  vein 


Fio.  •14.  Biagiam  showing  the 
reljiMDu  of  tlio  lilooJvessels  to 
tiiG  iMiiipi<;hi:m  bodieajind  iiriui- 
teroui.  iluctrt  ;  a,  a  buuill  iirtery 
pabsiiig  into  b,  tlie  gloujerulua; 
c.  ftlali-igliian  capsule  coutiuu- 
oun  wilii  d,  urinlferous  iluct;  c, 
vein  wliicii  conveys  tliD  blood 
iLw.iy  from  tlio  glomerulus,  nntl 
.loins  the  network  of  blood  capil- 
iaricb  which  surround  Iho  uriui- 
ferons  lubes  ;  /,  branch  of  renal 
vein  receiving  tlie  blood  from 
Uie  network. 

very  considerably. 


Fia.  45.  Malpighiau  body  at 
tho  end  of  a  uriniferous  tnliule 
(partly  diagramm.atic} :  a.  uriui- 
ferous  tubule  ;  its  epithelial 
lining  continuous  with  that  of 
tlie  Malpighiau  capsule,  c;  ((, 
vein  and  c,  artery  of  gloraoru- 
lus,  /;  g,  detached  epithelial 
cells.  (Kiilliliai:) 
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I  bemg  even  more  pure  than  that  which  enters  by  the 
;  renal  artery.  One  reason  is  that  the  nrine  -which  is 
1  ehminated  from  the  blood  in  the  kidney  contains 
:  more  carbonic  acid  and  less  oxygen  than  the  blood 
:  itself,  consequently  there  must  of  necessity  be  pro- 
]  portionally  more  oxygen  and  less  carbonic  acid  in  the 
1  blood  after  the  urine  has  been  excreted  than  there 
'  was  before.  Besides  this,  urea  and  other  waste  mat- 
I  ters  are  also  excreted  at  the  same  time.  It  has  been 
:  shown  that  the  blood  of  the  renal  vein  contains  less  urea 
;  than  that  of  the  left  side  of  the  heart ;  it  is,  in  fact,  tho 
i  purest  blood  of  the  body. 

If  the  nerves  which  supply  the  walls  of  the  small 
ivessels  of  the  kidneys  be  imtated,  the  excretion  of 
turine  ceases,  and  the  blood  of  the  renal  vein  becomes 
wenous.  It  would  seem  that  the  irritation  reduces  the 
ccalibre  of  the  small  arteries,  and  consequently  the 
[pressure  of  blood  in  the  capillaries,  to  a  degree  below 
tthat  necessary  for  the  excretion  of  urea  and  carbonic 
nacid ;  while  the  absorption  into  the  blood  of  the  waste 
nuatters  produced  by  the  activity  of  the  contracting 
muscles  rendei-s  the  blood  venous. 

The  Bladder.  The  bladder  itself  is  an  oval  sac, 
^covered  externally  by  a  layer  of  peritoneum,  and  lined 
iinternally  by  mucous  membrane.  The  muscular  fibres, 
^which  are  found  in  its  walls  in  considerable  quantity, 
.ure  of  the  unstriped  kind.  The  tirine  is  collected  in  the 
l^oladder,  and  periodically  expelled  thi-ough  a  duct  called 
ibhe  urethra,  which  opens  externally.  The  orifice  by 
\which  the  urethra  opens  into  the  bladder  is  ordinarily 
kcept  closed  by  a  ring  of  muscular  fibres  or  sjpMnder. 

Pbacticai,  Section. 
The  positions  of  the  various  secretory  and  excretory  organs 
.  lave  already  been  pointed  out.    Some  of  them,  such  as  the  liver, 
.  idneys,  etc.,  are  large  and  easily  found  ;  but  others,  such  as  the 
.astric  follicles,  sweat  glands,  Meibomian  follicles,  etc.,  are  small, 
nd  require  to  be  specially  prepared  for  microscopic  observation, 
'urther  information  rogardiug  the  methods  of  preparing  some 
f  the  more  important  glands  for  investigation  will  be  found  in 
.h9  chapter  on  Histology  (pp.  IGO  and  169). 
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CHAPTER  XI. 
THE  NERVOUS  SYSTEM. 

Functions  of  the  Nervous  System.  The  functions 
of  the  nervous  system  are  to  receive  all  sensory  im- 
pressions ;  to  govern  all  muscular  contractions,  and  con- 
sequently all  movements  of  the  body ;  and  to  exercise 
considerable  influence  over  tbe  organic  functions.  The 
brain  is  the  seat  of  consciousness,  memory,  reason,  the 
will,  and  indeed  of  all  mental  operations. 

Two  Nervous  Systems.  The  liuman  body  possesses 
two  systems  of  nerves,  (1)  the  cereiro-sjjiiial,  and  (2)  the 
sympathetic,  which  are  intimately  connected  with  each 
other.  The  first  consists  of  the  hrain  and  spinal  cord 
(or  cerebro-spinal  axis  as  they  are  sometimes  called), 
with  the  nerves  passing  off  from  them ;  the  second,  of 
a  doxMe  chain  of  nervous  ga/nglia,  connected  with  one 
another  by  cords  of  nerve  fibre. 

Both  systems  have  two  principal  parts ;  viz.,  nerves 
and  nerve-centres.  The  function  of  the  nerves  is  simply 
to  conduct  nervous  influences  to  or  from  the  centres. 
Nerves  which  convey  impressions  to  the  centres  are 
termed  afferent;  those  which  convey  influences  aivay 
from  the  centres  are  termed  efferent  nerves. 

Nerve  centres  are  composed  of  nerve  cells  or  ganglionic 
corjniscles  (p.  171)  intermingled  with'fibres.  Their  func- 
tion is  either  to  perceive  sensations,  or  to  modify  the 
afferent  influences  received  so  as  to  convert  them  into 
efferent  impulses  102).  The  brain  alone  is  capable 
of  perceiving ;  but  the  spinal  cord  and  the  sympathetic 
ganglia  have,  in  common  with  the  brain,  power  to  con- 
vert afferent  into  efferent  impulses,  which  conversion 
may  take  place  without  the  intervention  of  the  will. 

The  following  illustrations  will  show  the  difference  in 
action  between  affei*ent  and  efferent  nerves. 

The  prick  of  a  pin  causes  pain  because  certain  afferent 
nerves,  being  unduly  excited,  convey  the  influence  thus 
received  to  the  brain,  giving  rise  there  to  certain  un-. 
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iDleasant  or  painful  states  of  consciousness.  But  now  suji- 
oose  a  person  -wislies  to  move  his  band.  Here  the  "will 
'.nflaences  the  efferent  nerves  connected  with  the  muscles 
which  move  the  hand,  causing  such  an  impulse  to  be 
Njonveyed  to  the  muscles,  that  they  contract,  the  result 
>oeing  that  the  hand  is  moved. 


A.-CmEBRO-SFmAL  SYSTEM. 


The  Spinal  Cord.  The  spinal  cord  is  continued 
jjipwards  into  the  brain,  and  downwards  to  about  the 
•eecond  lumbar  vertebra,  where  it  becomes  reduced  to 
1,  fine  thread  tei'med  the  filum  ierminale.  Nerves  are 
fi^iven  off  at  intervals  from  both  sides  of  the  cord,  and 
uass  out  from  the  neural 
laanal  by  apertures  between 
hhe  arches  of  the  vertebra, 
eermed  the  intervertehral  fora-  e 
lina. 

The  membranes  surround- 
both    the    brain  and 
piual  cord  have  already  been 
■escribed  (p.  20). 
The  arrangement   of  the 

m'fa  nf  Q-ninnl  nm-rl       Vioaf    ""tei'ior  "ml  pusterlor Loriis  of  grey  suir. 

,dl  LS  or  ine  Spmai  COl  Cl  is  OeSll    sUuce  ;  c.  spinal  nerve,  uud/,  its  posterior 

liuderstood  by  examining  a  root, 
ansverse  section.    If  the  cord  be  cut  through  in  the 
:Brvical  region,  it  will  exhibit  somewhat  the  appearance 
ppresented  on  an  enlarged  scale  in  fig.  47.     Two  fis- 
ures,  one  behind,  the  other  in  front,  penetrate  deeply 
:.to  the  substance  of  the  cord,  very  nearly  dividing  it 
to  two  lateral  halves.    In  the  middle  of  the  isthmus 
lining  the  two  halves  is  a  small  aperture,  c,  which 
in  fact  a  canal  that  has  been  cut  across.     It  ex- 
mds,  as  do  both  the  anterior  and  posterior  fissures, 
rroughout  the  entire  length  of  the  spinal  cord. 
.The  section   also  reveals   two  different  kinds  of 
irve  substance  ;  externally  a  white,  and  internally  a 


a  6  c 

Fig.  46.  Transverse  section  of  spinal 
cord  and  its  Investing  membranes  {cli.-i- 
yramniatic) :  a.  tlie  dura  mater  ;  b,  outer 
layer,  of  .arachnoid,  wliich  is  seen  to  be 
cuutinuuus  with  c,  tlie  inner  layer,  tlins 
enclosing  a  space  ;  (/,  spinal  cord  showing 
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greyisli  material.  The  white  portion  consists  of  nerve 
fibres  running  for  the  most  part  in  the  direction  of  the 
leugth  of  the  cortlj  and  held  together  by  connective 


crescents  are  connected  together  by  a  band 
of    grey  matter  which    passes  through  the  isthmus 


It  -will  be  seen  by  reference  to  the  figure  that  the 
Avhite  snbstance  in  each  half  of  the  spinal  cord  is  divided 
by  the  homs  of  the  grey  matter  an-d  by  the  fibres  passing 
from  these,  into  three  portions,  which  have  been  termed 
the  anterior,  iwsterior,  and  lateral  columns. 

Spinal  Nerves.  Thirty-one  spinal  nerves  are  given 
off  from  each  side  of  the  spinal  cord,  and  are  distributed 
chiefly  to  the  muscles  and  skin.  Each  nerve  arises  fi'om 
the  cord  by  two  roots,  an  anterior  and  a  posterior,  both 
of  which  consist  of  a  number  of  nerve  fibres.  The 
anterior  root  fibres  arise  along  the  line  separating  tbc 
anterior  from  the  lateral  column,  while  the  posterior 


Fir;.  47.  Transverse  section  of  one  hixU  of  the  spiu.il  conl 
fruiii  tlic  cervical  region  of  .a  cat ;  nKii^nineJ  iibont  10  dianiC' 
ters  :  a,  anterior  fissure  ;  b,  posterior  lissure  ;  c,  central  canal 
surrounded  by  epithelial  cells;  d,  anterior  horn  of  grey 
matter  ;  c.  posterior  liom  of  grey  matter  ;  /,  .anterior  root  of 
nerve ;  ff,  posterior  root  ;  7i,  anterior,  ?,  posterior,  and  /.■, 
lateral  culmnns  of  white  matter  ;  ?,  pia  mater  sending  prolong- 
ations into  the  white  mutter  ;  vi,  dura  mater,  { From  ttaturc.) 


tissue.  The  grey 
portion  contains  a 
great  number  of 
ganglionic  corpus- 
cles. In  each  late- 
ral half  of  the 
cord  the  grey  in- 
ner part  is  so 
aiTanged  as  to 
present  in  section 
a  more  or  less 
crescentic  form ; 
the  extremities  of 
the  crescent  being 
directed  forwards 
and  backwards, 
and  termed  re- 
spectively the  an- 
terior and  j}os- 
terior  cornua  or 
horns.     The  two 


(fig.  47). 
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oot  fibres   arise  between   the  lateral   and  posterior 
olamns(fig.  48).     Just  before  tbe  two  roots  join,  tbe 
:osterior  root  is  enlarged,  and  forms  a  ganglion.  Al- 
aougb  bound  up  together  in  the  same  bundle,  the  nerve 
Ibres  of  the  two  roots  remain  quite  distinct,  and  perform 
i\wo  entirely  different  func-     c    6         c  a 
lions.    It  has  been  proved  by     !     |    /^Cil^  I 
xxperiment  on  a  living  ani-     \  L^^M^^ 
:aal  that  if  the  anterior  root  /s^^K 
if  one  of  the  spinal  nerves ^"^''^    T^^^^iljit^^^ | 
lee  cut  thi'ough,  the  power  ft       a        o  'c 

iff  motion  is    entirely    lost   in  Fig.  48.  Portion  of  splnul  cord,  showing 

.                 I                  1  •    J     1,        J.T,    i.  origin  of  roots  of  spinal  nerves:  a,  unte- 

Uie    parts    supplied    uy     tnat  rlor  root,  th.it  ot  the  left  side  has  been  out 

T      .         1                  ,1  through  .intl  t^imed  aside ;  b,  posterior 

lierve,  but  so  long  as  tne  pOS-  rout,  with  its  gangUon,  c-,  a,  unterlor, 

,              •            |.        ,1  c,  posterior  median  lissure.  (0««l7».) 

tBi'ior  root  remains  entire  the 

aarts  retain  their  sensibilitij.     If,  however,  the  posterior 
oot  be  cut  and  the  anterior  left  entire,  then  the  sensi- 
iility  of  the  parts  is  destroyed,  while  the  power  of  motion 
retained.    When  both  roots  are  severed  both  power 
fE  moTcment  and  sensibility  of  the  parts  are  destroyed, 
f '  when  both  roots  are  cut  through  that  portion  of  the 
interior  one  connected  with  the  spinal  cord  be  irritated 
ry  pinching,  burning,  or  galvanizing,  no  appreciable 
Tect  will  be  produced;  but  if  the  other  portion  of 
ais  same  root  be  irritated,  the  muscles  to  which  it  is 
istributed  contract.    Again,  if  the  portion  of  the  pos- 
srior  root  which  remains  in  connection  with  the  spinal 
ord  be  irritated,  it  at  once  gives  rise  to  the  sensation  of 
lin,  but  when  the  other  portion  of  the  same  root  is 
mtated  no  effect  is  produced. 

From  this  we  learn  that  the  posterior  roots  of  tlio 
)i)inal  nerves  only  convey  influences  towards  the  spinal 
iTd,  they  are  therefore  afferent  nerves;  and  as  the 
tfluences  they  convey  usually  give  rise  to  sensation, 
ice  nerves  are  also  termed  sensory  nerves.  The  anterior 
ots,  on  the  other  hand,  only  carry  influences  from  the 
iinal  cord  to  the  muscles,  they  are  therefore  efferent 
irves;  and  as  these  influences  cause  certain  muscles 
I  contract,  the  nerves  are  termed  7notor  nerves.  Afferent 
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nerves  are  not  always  sensory,  neither  are  efferent  nerves 
always  motor. 

The  Function  of  the  Spinal  Cord.  The  spinal  cord 
is  not  only  the  medium  by  which  nervous  influences  are 
conveyed  to  and  from  the  bz'ain,  but  we  shall  now  see 
that  it  also  has  the  power  of  acting  as  an  independent 
nervous  centre. 

The  irritation  of  the  posterior  root  of  a  spinal  nerve, 
or  of  that  part  of  the  skin  supplied  by  the  nerve,  im- 
mediately produces  an  impression  upon  the  brain  (p.  101). 
But  if  the  sjiinal  cord  be  cut  through  at  any  point  above 
the  exit  of  the  nerve  no  sensation  is  felt,  because  the 
influence  produced  by  irritation  of  the  nerve  ceases 
to  be  conveyed  to  the  brain,  which  alone  has  the  power 
of  perceiving  the  sensation.  Further,  when  the  cord 
is  thus  severed  the  luill  has  no  longer  any  control  over 
muscles  which  are  supplied  with  nerves  from  the  cord 
below  the  section ;  in  other  words,  voluntary  movement 
of  these  parts  becomes  impossible. 

If,  when  the  spinal  cord  has  been  cut  through,  we 
in'itate  any  part  of  the  body  supplied  with  nerves  from 
the  portion  of  the  cord  severed  from  the  brain,  certain 
muscles  connected  with  the  separated  portion  of  the 
cord  will  be  seen  to  move.  If  the  irritation  be  sufii- 
ciently  powerful,  the  movements  may  be  very  violent, 
although  no  pain  will  be  felt. 

For  example,  if  the  spinal  cord  of  an  animal  is 
.severed,  say  in  the  neck,  and  one  of  the  limbs  be 
pinched,  certain  muscles  will  immediately  contract  and 
draw  up  the  limb.  These  movements  are  altogether 
involuntary,  the  power  of  the  will  over  them  having  been 
cntii'ely  destroyed  by  the  section  of  the  cord.  They 
are  due  to  the  grey  matter  of  the  cord,  which  possesses 
the  power  of  converting  afferent  into  efferent  impulses. 
That  is  to  say  the  pinching  causes  an  impulse  to  be 
carried  by  afferent  nerves  to  the  grey  matter  of  the 
cord,  by  which  it  is  again  transmitted  tlu-ough  efferent 
nerves  to  certain  muscles,  causing  them  to  contract. 
That  such  movements  depend  upon  the  spinal  cord  is 
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proved  by  the  f\ict  that  when  thp  cord  is  destroyed 

they  no  longer  take  place. 

Further,  afferent  influences  are  conveyed  to  the  cord 
'  by  the  posterior  roots  of  the  spinal  nerves  ;  for  if  these 

be  severed  while  the  cord  is  entire,  the  pinching  of  parts 
.  connected     with  the 

nerves  so  cut,  will  no 

longer  cause  muscular 
:  movements. 

The  peculiar  power  of 
I  converting  afferent  into 
I  efferent  impulses,  which 

we  have  just  seen  the 
:  grey  matter  of  the  cord 

possesses,  is  known  as 
.reflex  action.  It  is  the 
:  possession  of  this  power 
ithat  entitles  the  spinal 
I  cord  to  rank  as  a  nervotis 
.  centre,  and  not  merely 
:as  a  conductor  of  im- 
]  pulses  to  and  from  the 
1  brain. 

The  direction  which 
I  the  fibres  of  anterior 
rand  posterior  roots  of 
;  spinal  nerves  take  in 
Ithe  cord  is  very  pecu- 
niar. It  appears  that 
-sensory  fibres  (posterior 
fvoot),  after  entering 
•the  cord  pass  into  the 
:grey  matter,  and  im- 
I  mediately    cross  the 

isthmus  to  the  opposite  side;  sensory  impressions 
t  being  thus  conveyed  to  the  brain  along  the  grey 
rmattcr,  on  the  side  of  the  cord  opposite  to  that  on 
^  which  they  enter  it. 

This  is  shown  by  the  following  experiments,    If  the 


Fifi.  49. 


Dla»r.am  to  sliow  the  direction  of  the 
sensory  uiul  motor  impulses  in  tlie  ^piiml  cord  and 
mediiUa  oblongata:  a,  anterior  or  motor  root  of 
spinal  nerve ;  p,  posterior  or  sensory  root,  with  its 
ganglion,  g  ',  the  crossing  of  the  sensory  ilbres  in 
the  spinal  cord  is  indicated  at  s,  and  the  crossing  of 
the  motor  fibres  in  the  medulla  is  indicated  at  ?n ; 
the  arrows  show  the  directions  of  the  currents. 
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wliito  matter  of  the  cord  be  cut  through,  and  the  grey 
portion  left  entire, — or  even  though  a  considerable  por- 
tion of  the  grey  matter  also  be  cut  through, — sensations 
•will  still  be  carried  to  the  brain.  This  shows  that  it 
is  through  the  grey  and  not  the  white  portion  that 
afferent  impulses  pass  to  the  brain. 

Again,  if  the  right  half  of  the  cord  be  cut  through,  in- 
cluding both  white  and  grey  portions,  irritation  of  the 
right  side  of  the  body  still  produces  an  impression 
upon  the  brain,  while  irritation  of  the  left  side  below 
the  section  causes  no  sensation.  Thus  showing  that 
the  sensory  fibres  entering  upon  the  left  side  of  the  cord, 
have  passed  across  to  the  opposite  side,  and  have  there 
been  severed  by  the  cut. 

The  fibres  of  motm-  nerves  (ante}im'  root)  do  not 
pass  across  the  cord  directly  they  enter  but  pi'oceed 
along  the  side  on  which  they  enter  until  they  reach  the 
medulla  ohlongata  (fig.  49,  m),  and  then  cross  over  to 
the  opposite  side. 

It  follows,  therefore,  that  when  all  the  white  portions 
of  the  cord  are  cut  through,  as  in  the  first  experiment, 
all  the  parts  below  the  section  lose  the  power  of  volun- 
tary  motion,  although  their  sensibility  remains  so  long 
as  the  grey  portion  is  continuous.  If  the  rigM  side 
of  the  cord  bo  cut  through  so  as  to  divide  both  grey  and 
white  portions,  the  power  of  voluntary  motion  will  be 
lost  in  all  parts  below  the  section  on  that  side  ;  but  not 
on  the  opposite  or  left  side.  The  sensibility,  howevei", 
of  the  right  side  will  remain,  while  that  of  the  left  side 
will  be  lost. 

Motor  impulses  are  conveyed  from  the  brain,  through 
the  white  portion  of  the  cord,  yet  all  the  white  portion 
is  not  equally  concerned  in  their  transmission.  If  in  the 
thoracic  region  the  anterior  half  of  the  white  matter  be  cut 
through,  voluntary  movements  can  no  longer  take  place 
in  parts  of  the  body  below  the  section.  On  the  other 
hand,  the  division  of  the  posterior  half  of  the  white 
matter  in  this  region  does  not  prevent  voluntary  move- 
ments. 
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The  Brain.  The  liuman  brain,  when  viewed  from 
above,  displays  two  large  lateral  masses.  Tliese  are 
called  tlie  corehral  liemisplieres,  and  are  so  large  as  m  this 
view  to  completely  cover  all  the  other  parts  of  the  brain. 
They  are  separated  by  a  deep  median  fissure  running 
from  front  to  back,  and  the  surface  of  each  is  marked 


Fio.  50.  Base  of  brain,  showing  the  origins  of  cerebral  nerves:  a,  the  front;tl  lobe  of  the 
right  cerebral  lieniispJierc  ;  b,  llie  temporal  lobe  ;  c.  cerebelluni ;  rf,  medulla  oblongativ,  iiassiug 
into  the  Biiinal  coril,  which  has  been  cut  across  below  the  lirst  pair  of  cervical  nerves  ;  e,  iiona 
Varolii,  iu  front  of  which  the  crura  cerebri  are  seen ;  I.,  olfactory  nerve;  II,,  optic  nerve; 
III.,  IV,,  VI..  nerves  wliicli  pass  to  the  muscles  of  the  eye  ;  V.,  trigeminal  nerve,  passingout 
between  the  Jibres  of  the  pons  Varolii ;  VII.,  portio  dura;  VIII.,  portio  mollis,  or  auditox-y  nerve  ; 
IX..  glosso-phao'ngeat ;  X.,  i)neumogastric  ;  XI.,  spinal  accessory  ;  XII.,  hyiioglossal.  Immedi- 
ately behind  tlio  chiasma  fonncd  by  the  joining  of  the  two  optic  nerves,  the  l)ase  of  the 
pituitiiry  body  is  seen,  the  body  itself  not  being  represented  ;  and  the  two  roxiuded  bodies  a 
little  further  back  are  the  so-called  corpora  albicuntia.  {(liuiiv.) 

out  by  numerous  deep  depressions  or  snlci^  into  peculiar 
tracts  called  convolutions  or  f/?/ri.  Certain  of  the  sulci 
which  are  found  upon  the  sides  divide  each  hemisphere 

:  into  three  portions  or  lohes  called  respectively  the  an- 

I  terioTy  middle,  and  ])osterioY  lobes. 
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A  view  of  the  under  surface  of  the  brrtin  is  given  in 
fig.  60.  That  part  of  the  brain  which  is  continuous 
with  the  spinal  cord  is  the  medulla  ohlowjata  (cl).  In  it 
the  fibres  of  the  anterior  columns  of  white  matter  (p.  104) 
cross  fi'om  one  side  to  the  other,  and  at  this  place  the 
columns  are  somewhat  enlarged.  These  enlargements 
are  termed  the  anterior  pyramids,  and  the  crossing  of  the 
fibres  is  known  as  the  decussation  of  the  anterior  -pyra- 
mids. Between  the  medulla  oblongata  and  the  posterior 
lobes  of  the  cerebral  hemispheres  is  the  cerebellum  (c). 
A  broad  transverse  band  of  fibres  called  the  pons  Varolii 
(e)  connects  the  two  sides  of  the  cerebellum.  The 
fibres  of  the  medulla  oblongata  in  this  view  pass  under 
the  pons  Varolii,  and,  appearing  in  front  of  it,  form 
the  two  crura  cerebri.  Just  in  front  of  these  there  are 
two  small  rounded  bodies  called  the  corpora  albicantia, 
and  a  little  farther  forward  the  two  optic  nerves  can  be 
seen  to  join,  forming  what  is  called  the  chiasma,  or 
decussation.  The  lobes  of  the  cerebral  hemispheres  can 
be  seen  in  this  view,  and  are  indicated  by  the  letters  a, 
h.  The  reman  numbers  in  the  figure  refer  to  the  cranial 
nerves  (p.  109). 

If  the  brain  be  divided  longitudinally  by  cutting 
perpendicularly  through  all  parts  below  the  great  median 
fissure,  it  will  exhibit  somewhat  the  appearance  given 
in  fig.  51.  The  central  canal  of  the  spinal  cord  (i)  is 
continued  into  the  medulla  oblongata,  where  it  gradually 
gets  nearer  and  nearer  to  the  dorsal  surface,  and  at 
length  enlarges  into  a  chamber  covered  behind  and  above 
by  a  thin  membrane,  and  known  as  ih.e  fourtli  ventricle 
of  the  brain. 

The  cerebellum  (d)  is  situated  above  this  region,  and  is 
composed  of  numerous  plates  of  nerve  substance,  so  ar- 
ranged that  when  cut  across,  as  in  this  figure,  they  have 
a  foliated  or  tree-like  appearance  ;  on  this  account  they 
have  been  called  the  arbor  vitce.  From  the  fourth  ven- 
tricle, a  narrow  canal  passes  upwards  and  forward  into 
another  cavity,  the  third  ventricle  (z).  Above  this  canal 
are  four  little  rounded  bodies  called  the  corpora  qnn- 
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dricjemlna  (Ic);  below  the  Ctanal  are  the  crura  cerebri.  The 
third  ventricle  is  compressed  fi'om  side  to  side,  and  is 
produced  below  into  a  kind  of  funnel  connected  with  a 
peculiar  little  mass  known  as  the  pituitary  hotly  (g). 
The  nse  of  this  body  is  unknown,  and  the  same  may  be 
said  of  another  small  body,  connected  with  the  thin  roof 


n  h 


Fio.  S].  Inner  view  of  tlieleft  Imlf  of  a  brain  which  l'»s  been  divided  longitndinally :  a, 
frontal,  6,  parietal,  c,  occipital,  t,  temporal,  lobe;  rf,  cerebellum,  showing  arbor  vitie ;  e, 
medulla  oblongata  ;  /,  pons  Varolii :  ff,  pitnitary  body  ;  h,  corpus  callosum  ;  f,  central  canal 
of  medulla  ;  k,  is  placed  to  the  left  of  the  corpora  quacb-igemina ;  Z,  is  placed  in  the  third 
ventricle ;  M,  ifl  just  below  the  foramen  of  Munro,  and  between  the  .anterior  and  middle  com- 
niissures ;  I.,  II.,  III.,  first  second,  and  third  cranial  nerves. 

of  this  same  ventricle,  called  the  pweaZ  gland.  Upon  each 
side  of  the  front  part  of  the  third  ventricle,  there  is  an 
aperttire  (im),  the  foramen  of  M^tnro,\ea.ding  into  one  of 
the  two  cavities  found  within  the  cerebral  hemispheres, 
termed  lateral  ventricles. 

The  fibres  of  the  crura  cerebri  are  continned  into  two 
nervous  masses,  called  the  ojMc  thalami,  which  form  the 
lateral  walls  of  the  third  ventricle.  From  these  the  fibres 
pass  into  two  other  nervous  masses  termed  the  corpora 
striata,  which  form  the  floors  of  the  lateral  ventricles 

t 
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The  corpus  ccdiosum  (li)  is  a  wide  transverse  band  of 
nervous  fibres  connecting  the  two  cerebral  hemispheres 
above  the  third  ventricle.  The  letter  M  is  placed  between 
two  other  transverse  bundles  of  fibres  called  the  anterior 
and  middle  commissures.  Another  small  bundle  of  fibres, 
the  posterior  commissure,  is  placed  at  the  back  of  the 
third  ventricle. 

In  the  medulla  oblongata,  the  grey  matter  is  in  the 
interior,  and  the  white  matter  on  the  exterior,  as  in  the 
spinal  cord.  In  the  cerebellum  and  cerebral  hemispheres 
this  is  reversed,  the  grey  vesicular  matter  being  external 
and  the  white  fibrous  portion  internal. 

Fanctions  of  the  Brain.  Tlie  medulla  oblongata 
resembles  the  spinal  cord,  both  in  conducting  nervous 
impressions,  and  also  in  acting  as  an  independent  nerve 
centre.  This  portion  of  the  brain  is  more  necessary 
than  any  other  to  the  continuance  of  life,  injury  to  it 
producing  the  most  serious  results.  It  has  been  shown 
by  experiments  that  from  some  animals  all  the  brain, 
except  the  medulla,  may  be  gradually  cut  away,  and 
life  will  continue  for  a  considerable  period.  The  spinal 
cord  may  likewise  suffer  extensive  mutilation  without 
producing  immediate  death.  But  if  the  medulla  be 
wounded,  especially  near  its  central  portion,  respiration 
ceases,  the  heart  stops  beating,  and  the  animal  soon  dies. 

Mention  has  been  made  of  the  crossing,  or  deciissation, 
of  the  motor  fibres  in  the  medulla  oblongata;  and  we 
have  seen  how  the  severance  of  these  fibres  upon  one  side 
of  the  spinal  cord  below  the  decussation  causes  a  loss  of 
voluntary  motion  upon  that  side ;  but  if  the  cut  be  made 
above  the  decussation  (if  for  instance  one  of  the  crui'a 
cerebri  be  divided)  the  oj^posite  side  of  the  body  is 
affected.  This  is  what  happens  in  some  cases  of  paralysis ; 
disease  of  one  side  of  the  brain  causing  loss  of  voluntary 
motion  upon  the  opposite  side  of  the  body. 

The  regular  and  combined  movements  of  ordinary 
respii'ation  depend  for  their  performance  upon  certain 
jDortions  of  the  medulla  oblongata. 

Concerning  the  functions  of  most  of  the  other  portions 
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of  the  brain,  very  little  is  definitely  known.  The  corpora 
quadrigemina,  with  certain  parts  lying  near  them,  arc 
intimately  connected  with  the  optic  nerves,  and  their 
destruction  by  disease  or  injury  causes  blindness. 

Various  functions  have  been  attributed  to  the  cere- 
bellum, but  at  present  nothing  can  be  definitely  stated, 
except  that  it  exercises  considerable  influence  in  regu- 
lating and  combining  muscular  movements. 

With  regard  to  the  cerebral  hemisijheres,  it  is  certain 
that  upon  them  all  mental  operations  and  voluntary  move- 
ments depend ;  any  considerable  derangement  of  these 
parts  causing  idiotcy,  while  extensive  injuryresults  in  the 
entire  loss  both  of  intelligence  and  of  voluntary  motion. 
Endeavours  have  been  made  to  show  that  certain  por- 
tions of  the  hemispheres  are  the  seat  of  special  mental 
faculties,  but  this  has  yet  to  be  proved.  Experiments 
have  lately  been  made  which  tend  to  show  that  definite 
regions  of  the  hemispheres  are  intimately  connected  with 
the  movement  of  special  groups  of  muscles,  but  on  this 
point  further  information  is  needed. 

The  brain  as  well  as  the  spinal  cord  is  capable  of  giv- 
ing rise  to  reflex  actions  (p.  102).  The  closing  of  the 
eye  when  threatened  with  a  blow,  afibrds  an  illustration. 
The  optic  nerve  in  this  instance  acts  as  the  aflerent  con- 
ductor, carrying  the  impression  produced  upon  the 
retina  to  the  brain,  where  it  is  reflected  upon  efferent 
nerves,  and  conveyed  by  them  to  the  muscles  that 
close  the  eyelids. 

Cranial  or  Cerebral  Nerves.  From  the  brain  and 
medulla  oblongata  twelve  pairs  of  nerves  are  given  off, 
some  of  which  are  sensoi'y  and  others  motor.  In  many 
anatomical  works,  only  nine  pairs  are  reckoned;  the 
seventh  and  eighth,  on  account  of  their  leaving  the  cavity 
of  the  skull  together,  being  called  the  seventh,  and  the 
ninth,  tenth,  and  eleventh,  for  the  same  reason,  being 
called  the  eighth ;  the  twelfth  of  course  then  becomes 
the  ninth  (fig.  50). 

The  first  pair  are  the  olfactory  nerves  or  nerves  of 
smell,  which  are  really  prolongations  of  the  cerebral  hemi- 
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spheres.  They  become  somewliat  enlarged  at  tlieii-  ends, 
and  from  these  hulbs,  as  they  are  sometimes  called, 
branches  are  given  off  to  the  nose.    {Sensory  nerves.) 

The  second  loair  are  the  optic  nerves,  or  nerves  of  sight. 
These  arise  from  the  optic  thalamus  of  each  side,  but  can 
be  traced  to  the  corpora  quadrigemina.  Soon  after  leaving 
the  brain,  the  two  nerves  join  together  in  the  optic  chiasmu, 
after  leaving  which  each  nerve  passes  to  one  of  the  eyes 
In  the  chiasma  the  fibres  of  the  right  nerve  pass  over  to 
the  left,  and  vice  versa.    (Sensory  nerves.) 

The  third  pair  supply  all  the  muscles  of  the  eyes  ex- 
cept the  two  which  are  supplied  by  the  fourth  and  sixth 
pairs.    (Motor  nerves.) 

The  fourth  pair  supply  the  superior  oblique  muscle 
of  each  eye.    (Motor  nerves.) 

The  fifth  pair  of  nerves  arise  each  by  two  roots,  a 
sensory  and  a  motor.  Each  nerve  becomes  divided  into 
three  branches;  1st,  the  ophthalmic;  2nd,  the  supierior 
maxillary  ;  3rd,  the  inferior  maxillary.  A  portion  of  the 
third  branch  supplies  the  tongue,  and  is  called  the 
gustatory  nerve,  or  nerve  of  taste.  (Motor  and  sensory.) 

The  sixth  pair  supply  the  external  muscle  of  each  eye. 
(Motor  nerves.) 

The  seventh  pair  supply  the  muscles  of  the  face.  (Motor 
nerves.) 

The  eighth  pair  are  the  auditory  nerves.  Each  nerve 
terminates  in  the  inner  ear  of  the  side  to  which  it  be- 
longs.   (Sensory  nerves.) 

When  the  seventh  and  eighth  pairs  of  nerves  are  reck- 
oned as  one  pair,  the  seventh  is  called  thep)ortio  dura(hdLrd 
portion),  and  the  eighth  the portio  mollis  (soft  portion). 

The  ninth  pair  are  called  the  glossopharyngeal.  They 
are  the  nerves  of  taste,  and  are  distributed  to  the  back  of 
the  tongue  and  to  the  muscles  of  the  pharynx.  (Sensory 
and  motor.) 

The  tenth  pair,  or'pneumogastric  nerves,  are  also  known 
as  the  jJ«J'  vagum.  These  nerves  have  a  wide  distribu- 
tion, sending  branches  to  the  lungs,  larynx,  stomach, 
liver,  and  heart,    (Semori/  and  motor.) 
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The  eleventh  pair,  or  spinal  accessory  nerves,  arise  from 
tlie  spinal  cord  in  the  thoracic  region,  and  supply  some 
of  the  muscles  of  the  neck.  They  pasS'  upwards  on 
each  side  between  the  anterior  and  posterior  roots  of 
the  spinal  nerves,  and  receive  fibres  from  the  cord  as 
they  pass  along  to  the  medulla  oblongata.  (Motor 
nerves.) 

The  tivelfth  pair,  or  hypoglossal,  supply  the  muscles  of 
the  tongue.    {Motor  nerves.') 

All  the  cranial  nerves,  except  the  first  and  second 
pairs,  may  be  traced  to  the  medulla  oblongata.  They  are 
called  true  nerves,  while  the  first  and  second  pairs,  being 
really  processes  of  the  brain,  are  called  false  nerves. 

B.-SYMPATHETIC  SYSTEM. 

Description.  This  system  of  nerves  consists  of  a 
double  row  of  ganglia,  situated  one  on  each  side  of  the 
spinal  column,  in  the  thoi'ax  and  abdomen,  the  ganglia 
being  joined  together  by  nei-vous  cords  into  a  kind  of 
chain.  Branches  passing  off  from  these  ganglia  con- 
nect them  with  the  spinal  nerves  and  with  other  gangli- 
onic masses  in  various  parts  of  the  body.  From  the 
ganglia  are  given  oif  nerves  which  in  the  main  accom- 
pany the  arteries,  and  are  distributed  with  them  to  all 
parts  of  the  body,  but  more  especially  to  the  organs 
contained  in  the  thorax  and  abdomen. 

Functions.  The  special  functions  of  the  sympathetic 
system  are  very  difficult  to  determine,  as  many  of  its 
fibres  are  really  derived  from  the  spinal  cord.  It  is 
certain  that  the  actions  of  the  heart,  intestine,  stomach, 
and  some  other  organs,  are  materially  aflected  by  it. 
Indeed  it  seems  pi'obable  that  under  ordinary  circum- 
stances the  action  of  these  organs  is  maintained 
chiefly  by  the  influence  of  this  system,  and  that  the 
sympathetic  ganglia  act  as  centres  of  reflex  action.  At 
the  same  time  the  actions  of  all  these  organs  are  liable  to 
considerable  modification  from  the  influence  of  the 
cerebrospinal  nerves  which  are  so  intimately  connected 
with  those  of  the  sympathetic  system. 
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The  vaso-motor  nerves,  or  nerves  of  tlie  bloodvessels, 
belong  to  the  sympathetic  system.  But  many  of  their 
fibres,  also,  are  evidently  derived  from  the  spinal  nerves. 
The  muscles  of  the  bloodvessels  are  ordinarily  in  a  state 
of  moderate  contraction,  and  it  is  found  that  this  con- 
dition is  maintained  by  the  influence  of  nervous  centres 
placed  in  the  medulla  oblongata,  which  are  called  vaso- 
motor centres. 

Practical  Section. 

Brain.  Directions  for  displaying  the  brain  and  spinal  cord 
have  aheady  been  given  (p.  22).  In  order  to  examine  the  struc- 
ture of  the  brain  it  is  necessary  to  have  it  hardened.  This  is 
accomplished  by  placing  it  in  spirits  of  wine  for  some  days.  The 
brain  which  was  directed  to  be  so  preserved  (p.  23)  can  be  used 
for  the  present  purpose.  A  sheep's  brain,  however,  is  to  be 
preferred  on  account  of  its  larger  size.  It  may  be  removed  fi'om 
the  skull  in  the  same  manner  as  that  of  the  rabbit,  but  on  account 
of  the  greater  thickness  and  strength  of  the  bones,  it  will  be  neces- 
sary to  use  stronger  nijjpers  and  a  saw. 

The  hardened  brain,  whether  of  sheep  or  rabbit,  should  first 
be  examined  entire,  and  compared  with  the  description  given  of 
the  human  brain  (p.  105),  paying  particular  regard  to  the  origin 
of  each  of  the  cranial  nerves.  It  will  be  noticed  that  the  olfac- 
tory lobes  are  large  processee  from  the  front  of  the  cerebral 
hemispheres. 

Lay  the  brain  upon  a  board,  insert  a  razor  or  a  thin  sharp  knife  be- 
tween the  two  cerebral  hemispheres,  and  divide  the  brain  into  two 
equal  halves  ;  examine  the  cut  sui'faces,  and  compare  with  the  de- 
scription of  the  human  brain  (p.  106),  aJid  with  fig.  51. 

The  cerebral  hemisphere  of  one  half  may  now  be  cut  away  in 
successive  horizontal  slices,  so  as  to  expose  the  lateral  ventricle, 
and  to  show  the  relation  of  the  latter  to  the  surrounding  parts. 
Notice  the  foramen  of  Munro,  leading  from  the  front  part  of  the 
third  ventricle  to  the  lateral  ventricle. 

Spinal  Cord.  Portions  of  the  spinal  cord,  which  have  been 
hardened  by  being  placed  in  chromic  acid  solution,  may  be  cut 
across  with  a  razor,  and  the  cut  surfaces  examined.  The  division 
of  the  cord  into  white  and  grey  portions  may  be  distinguished  in 
this  way,  but  it  will  be  best  seen  if  very  thin  sections  are  pre- 
pared (p.  172) ,  and  examined  under  the  microscope. 

Reflex  Action.  The  animal  best  suited  for  the  study  of  reflex 
action  is  the  frog ;  and  in  order  to  be  quite  sure  that  the  move- 
ments which  take  place  in  the  followingexperiments,  do  not  depend 
upon  the  brain,  the  head  should  be  completely  severed  from  the 
body. 
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Let  a  frog  treateJ  in  tliis  luauncv  be  placed  xipon  its  belly, 
nnd  Ibo  bitul  limbs  extended.  At  first  perhaps  it  will  reinaiu 
perfectly  flaccid  and  motionless,  except  that  the  heart  will  con- 
tinue to  beat.  After  a  time,  however,  the  shock  produced  by  tho 
operation  will  pass  off,  and  the  limbs  will  be  drawn  up  towards  tho 
body. 

If  the  frog  be  now  suspended  by  the  necli,the  limbs  will  hang 
down  freely.  Pinch  the  tip  of  one  of  tho  toes,  and  the  limb  will 
be  suddenly  drawn  up  to  the  body,  and  after  some  time  gradually 
fall  again.  Stroke  one  side  of  the  body  with  a  needle.  When 
this  is  done  gently,  only  a  slight  movement  of  the  muscles  of  tho 
side  will  bo  observed.  But  if  the  irritation  is  ijicreased  the  move- 
ments become  more  general,  and  at  length  the  limbs  may  be 
caused  to  move. 

If,  while  the  limbs  are  hanging  down  quietly,  one  of  the  toes  be 
touched  with  dilute  acid,  the  limb  will  be  immediately  drawn 
up.  Pinch  the  skin  upon  the  inside  of  the  thigh,  the  legs  will 
kick  as  if  endeavouring  to  remove  the  object  which  is  irritating 
it.  Pat  a  di-op  of  vinegar  or  dilute  acid  upon  one  of  the  thighs, 
the  leg  will  be  quickly  moved  about  as  if  to  rub  off  the  acid.  If, 
however,  the  leg  be  secured  so  that  it  cannot  move,  the  leg  of 
the  opposite  side  will  endeavour  to  rub  off  the  acid. 

To  show  that  all  the  above  mentioned  reflex  phenomena  depend 
upon  the  integrity  of  the  spinal  cord,  pass  a  blunt  wire  down  the 
neural  canal  so  as  to  destroy  the  spinal  cord.  It  will  then  be 
found  that  reflex  actions  no  longer  take  place. 


CHAPTER  XIL 
SENSATIONS  AND  SENSORY  ORGANS. 

Sensations  are  states  of  consciousness,  due  to  certain 
conditions  of  the  brain,  which  are  brought  about  nor- 
maliy  by  influences  conveyed  to  that  organ  along  parti- 
cular sets  of  nerves.  The  terminal  fibres  of  these  nerves 
are  connected  Avith  structures  termed  sensory  organs, 
which  arc  specially  adapted  to  receive  impressions,  as  tlie 
eyes,  ears,  etc.  Only  the  brain,  however,  is  capable  of 
ferceivincj  sensations  (p.  27). 

Some  sensations  appear  to  be  definitely  localized, 
while  others  seem  more  or  less  diS'used.  Of  the  latter 
kind  of  sensation  are  the  feelings  of  restlessness,  uncom- 
fortahleness,  fatigue,  and  faintness,  which  cannot  be 
assigned  to  any  particular  part  of  the  body,  and  are 
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probably  due  to  the  condition  of  the  blood  or  tissues 
generally. 

That  peculiar  sensation  experienced  in  overcoming  re- 
sistances, as,  for  example,  in  lifting  a  Tveigbt,  is  due  to 
what  is  termed  the  muscular  sense.  It  is  this  sense 
whicli  enables  iis  to  judge  of  the  relative  weights  of 
objects  by  poising  them  in  the  hand.  It  is  quite  a 
different  sensation  from  that  arising  from  mere  contact 
or  even  from  pressure.  For  example  :  when  the  liand  is 
placed  upon  an  object  the  sensation  of  contact  is  experi- 
enced, and  if  the  hand  be  allowed  to  rest  upon  a  table, 
and  a  heavy  body  be  placed  in  the  palm,  the  sensation  of 
pressure  will  be  felt;  it  is  not,  however,  until  an  attempt 
is  made  to  raise  the  hand  with  the  object  in  it,  that  the 
muscular  sense  is  affected,  and  the  weight  of  the  object 
perceived. 

The  senses  are  usually  said  to  be  five  in  number:  viz., 
toudi,  taste,  smell,  hearing,  and  siglit,  the  sensations 
noticed  above  being  regarded  as  different  kinds  of  touch  •, 
but  as  they  differ  somewhat  from  the  sense  of  touch, 
properly  so  called,  it  has  been  thought  better  to  mention 
them  separately. 

I.  The  Sensr  of  Touch. 

Organs  of  Touch.  The  sense  of  touch  is  possessed 
by  the  whole  external  surface  of  the  body,  by  the  cavity 
of  the  mouth  and  by  the  nasal  passages,  the  degree 
of  sensibility  varying  very  considerably  in  different  parts. 
In  those  parts  which  possess  this  sense  in  a  marked 
degree  the  dermis  is  raised  up  into  numerous  ijapUloi 
(fig.  52),  that  are  well  supiDlied  with  blood  capillaries 
and  nerves.  How  the  nerves  terminate  in  the  papillae 
is  not  known.  But  whei'e  this  sense  is  specially  acute, 
as  at  the  ends  of  the  fingers  and  the  tip  of  the  tongue, 
many  of  the  papillaa  are  found  to  contain  peculiar 
rounded  bodies,  termed  tactile  corpuscles  (fig.  52),  which 
are  connected  with  the  terminations  of  the  nerves. 

The  epidermic  cells  intervening  between  the  ends 
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of  the  nerve  and  the  object  felt  are  an  essential  jDart 
of  the  organ  for  touch.  The  necessity  for  this  covering 
is  shown  by  the  fact  that  when  it  is  removed  by  blistering 
or  otherwise,  the  contact 
of  the  exposed  parts 
with  any  object  causes 
pain,  instead  of  the  true 
sensation  of  touch. 

Nerves.  The  nerves 
of  touch  are  derived 
chiefly  from  the  pos- 
terior roots  of  the  spinal 
nerves. 

Acuteness  of  Touch. 
The  sensibility  of  dif- 
ferent parts  of  the  body 
may  be  readily  tested 
by  means  of  a  pair  of 
blunt-pointed  com- 
passes. If,  while  the 
eyes  are  closed,  the 
points  be  separated  and  applied  to  the  skin,  it  will  be 
found  that  they  produce  the  sensation,  of  one  point,  until 
separated  to  a  cei'tain  distance,  which  varies  according 
to  the  part  operated  upon.  It  has  been  found  by  this 
means  that  the  tip  of  the  tongue  can  distinguisli  the 
two  points  when  only-J^  of  an  incb  apart,  the  end  of  the 
finger  at  yV  of  an  inch.  Upon  the  cheek  the  points  may 
be  separated  one  inch  and  yet  give  rise  to  one  sensation 
only ;  and  it  is  said  that  upon  the  back  a  separation  of 
three  inches  produces  but  a  single  sensation. 

The  sensations  of  heat  and  cold  ai'e  also  felt  by  the 
skin,  but  it  appears  probable  that  there  are  special 
sensory  nerves  for  this  purpose. 


Fio.  52. 


7>.  c 
A  seciiou  througli 


Tactile  corimscTes. 
two  piipilliu  of  a  (iii^er  (inayiiified  nbout  30il  (Uiiiiie- 
lers) :  a,  tactile  corpuscles ;  b,  nerves ;  c,  cajiillary 
bloodvessels  ;  d,  cells  of  the  epidermis.  {Thin.) 


II.  The  Sense  of  Taste. 


Organs  of  Taste.  The  tongue  is  generally  called 
the  organ  of  taste ;  but  this  sense  is  not  confined  to  the 
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tongue,  since  the  soft  palate  and  other  portions  of  the 
bac]c  part  of  the  mouth  possess  the  same  power. 

The  Tongue.  The  mucous  membrane  covering  the 
tongue  consists,  hive  the  skin,  of  two  portions:  an 
internal  layer,  furnished  with  blood  vessels  and  nerves 
and  an  external  epithelial  layer.    The  similarity  is  still, 

a 


Pio.  53.  Upper  surface  of  tongue  with  tonsils :  n,  clrcumvallnte  p.apU]ie;  6,  fungifonn  pa- 
pllIoB ;  c,  toHBlls ;  d,  portion  of  epiglottis. 

further  increased  by  the  presence  of  numerous  papillte, 
supplied  with  blood  capillaries  and  nerve  filaments. 
The  papillre  of  the  tongue  are,  however,  peculiar  in 
this  respect,  that  they  are  of  diffei-ent  kinds,  viz.  : 
filiform,  fungiform,  and  circumvallaie  (fig.  53). 

The  filiform  papilla)  (fig.  54,  n)  are  scattered  over  the 
whole  surface  of  the  tongue,  but  more  especially  about 
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the  middle  aud  frout.  They  are  conical,  elongated,  and 
covered  with  a  thick  epithelium. 

The  fungiform  papillro  are  fonud  chiefly  upon  the  sides 
aud  tip  of  the  tongue,  but  are  also  scattered  over  other 
parts.  They  are  usually  expanded  at  their  outer  ex- 
tremities, whence  the  name. 

The  circiimvaUale  papillte,  about  eight  or  ten  in  num- 
ber, are  jDlaced  at  the  back  of  the  tongue  in  the  form  of 
a  V  (fig.  53,  ft).  They  are  larger  than  the  others,  and 
each  consists  of  a  circular  elevation, 
surrounded  by  a  ridge  which  leaves 
a  groove  or  valley  between  itself 
and  the  papilla  (fig.  64,  c). 

The  papillse  of  the  tongue  are 
called  comjyoimd  because  their  sur- 
faces are  covered  by  numerous  small 
secondary  papillos,  which,  like  those 
of  the  skin,  are  covered  by  the  epithe- 
lium, and  supplied  with  blood  ca- 
pillaries and  nervous  filaments. 

In  the  thickness  of  the  epithe- 
lium of  some  of  the  papillae,  and 
especially  in  the  sides  of  the  circum- 
vallate  papillae,  are  to  be  found  certain  oval  or  pear-shaped 
bodies,  or  capsules,  which  are  said  to  open  upon  the  sur- 


Fir;.  64.  riii)i4la'  from  the 
tongue  seen  in  sectiuu,  iiud  eii- 
liirged  :  o,  ftliforin  ;  b,  fungi- 
foim;  c,  circuuivalJiite. 


Fin.  55.  A,  seclloii  of  circumv-iIUte  papilln  of  a  iiew-boru  child  (ninsnincJ  nljout  .TO  dia- 
meters) ;  B.  ft  ijortion  more  magnified  :  a,  llie  tasting  gob  ets;  c.  lines  introduced  to  sliow  tli*i 
probable  manner  in  wliicli  the  nerves  are  connecteU  with  tho  tasting  goblets ;  d,  epitheliniii. 
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face  by  small  ducts.  These  capsules  have  been  termed 
taste- rjohlels,  and  are  connected  -with  the  terminations 
of  certain  nerves  (fig.  55). 

In  order  to  affect  the  nerves  of  taste  substances  must 
either  be  taken  ia  a  state  of  solution  or  be  soluble  in  the 
moisture  of  the  mouth. 

Nerves.  The  tongue  receives  sensory  nerves  from 
two  sources :  the  posterior  parts  (and  the  back  parts  of 
the  mouth)  are  supplied  upon  each  side  by  branches 
from  the  glosso-pharijngeal,  while  the  anterior  part  is 
supplied  by  the  lingual  branch  of  the  fifth  nerve. 

Taste  and  Smell.  The  senses  of  taste  and  smell  arc 
frequently  very  intimately  connected,  and  it  is  some- 
times not  easy  to  decide  which  of  them  is  most  affected. 
Many  substances  lose  their  flavour  if,  while  they  are 
being  tasted,  the  nostrils  are  closed  so  that  the  odorous 
particles  cannot  act  on  the  organs  of  smell. 

III.  The  Sense  of  Smell. 

Organs  of  Smell.  Immediately  within  the  nostrils 
(anterior  nares)  the  nasal  passages  pass  directly  back- 
wards, and  open  by  the  'posterior  nares  into  the  pharynx, 
just  above  the  soft  palate.  They  are  simply  the  lower 
portions  of  two  cavities,  called  the  nasal  chambers, 
which  extend  upwards  for  some  distance.  These 
cavities  are  separated  from  each  other  by  the  partition 
or  sejptmi  of  the  nose,  which  extends  from  the  anterior 
nares  upwards  and  backwards  to  the  i^osterior  nares. 
Upon  the  outer  wall  of  each  cavity  the  mucous  membrane 
is  spread  over  three  delicate  scroll-like  bones,  lying  one 
above  another,  and  known  as  the  superior,  middle,  and 
inferior  turbinal  or  spongy  bones. 

The  nasal  chambers  are  bounded  below  by  the  bones 
of  the  palate,  which  separate  them  from  the  mouth. 
They  are  separated  from  the  cranial  cavity  above  by  a 
plate  of  bone,  called  the  cribriform  plate,  which  is 
perforated  with  many  holes  for  the  passage  of  the 
branches  of  the  olfactory  nerve. 

The  organs  of  smell  consist  of  the  mucous  membranes 
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lining  tlio  uppei*  part  of  the  two  nasal  chambers. 
These  membranes  are  covered  with  cohTmiiar  or  cylindri- 
cal epithelium ;  but  between  the  ordinaiy.  cells  arc 
to  be  found  other  a 
much  more  slender 
nucleated  bodies, 
termed  olfadonj  cells 
(fig.  57).  The  outer 
extremities  of  these 
bodies  terminate  ab- 
ruptly on  a  level  (or 
nearly  so)  -with  the 
columnar  cells  ;  but 
their  inner  ends  be- 
come much  more  at- 
tenuated, and  arc 
probably  continuous 
with  the  nerve  fibres. 
There  is  reason  for 
believing  that  odori- 
ferous particles  com- 
municate impressions 
to  the  olfactory  cells, 
and  that  these  trans- 
mit the  impressions 
to  the  nerves. 

Nerves.  That  por- 
tion of  the  mucous  membrane  which  covers  the  superior 
and  middle  turbinal  bones  and  the  upper  part  of  the 
septum,  is  supplied  -with  nerves  from  the  olfactory  bulb, 
and  constitutes  the  true  organ  of  smell.  The  nerves  are 
of  the  kind  known  as  nonmedullated  (p.  171). 

The  lower  portion,  including  that  -which  covers  the 
■inferior  turbinal  bone,  is  supplied  with  branches  from 
the  fifth  pair  of  cranial  nerves.  This  portion  of  the 
nasal  cavity  is  ciliated,  but  the  upper  or  true  olfactory 
portion  possesses  no  cilia  (p.  145). 

Action.  In  order  that  the  olfactory  nerves  may  be 
affected  by  odoriferous  matters,  it  seems  necessary  that 


Pio.  56.  Eight  nasttl  charaljer,  view  of  outer  wail :  a, 
olfactory  lobe  of  brain,  from  which  nerves  are  seen  pass- 
ing to  the  superior  and  middle  turbinal  bones  ;  b,  inferior 
tiu-binal  bone  ;  branches  from  the  fifth  cranial  nerve  axo 
Been  jjassirg  to  the  middle  and  inferior  turbinal  boiiea 
and  also  to  the  palate  (above  c) ;  d,  portion  of  lower  jaw. 
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these  should  be  dissolved  in  the  moisture  coveriog  the 
mucous  membrane ;  for  when  this  membrane 
is  dry  the  sense  of  smell  is  more  or  less 
impaired. 

In  ordinary  breathing,  with  the  mouth 
closed,  the  air  passes  through  the  lower 
part  of  the  nasal  chambers,  on  its  way  to 
the  glottis ;  but  little  or  no  air  passes  suf- 
ficiently high  in  the  chambers  to  come  into 
contact  with  the  proper  olfactory  portions, 
and  odours  are  only  communicated  to  these 
parts  by  being  diffused  through  the  air  which 
occupies  the  upper  part  of  the  chamber. 
When  we  wish  to  smell  an  odour  more  dis- 
tinctly, we  draw  the  air  in  at  the  nostrils 
more  rapidly  by  the  process  of  sniping  ;  this 
causes  it  to  pass  more  directly  upwards, 
and  to  come  into  contact  with  the  upper 
portions  of  the  chambers,  and  consequent- 
ly into  close  relation  with  the  olfactory 
nerves. 

IV.  The  Sense  of  Hearing. 

The  Structure  of  the  Ear. — General  View.  The 
organs  of  sense  hitherto  considered  are  very  simple  in 
structure  compared  with  those  about  to  be  described. 
The  ear  and  eye  are  both  very  complicated  organs,  re- 
quiring careful  study.  They  resemble  the  organs  of 
smell  in  being  double,  one  being  placed  upon  each  side 
of  the  head. 

For  convenience  of  description  the  organ  of  hearing 
is  divided  into  thi^ee  parts,  viz.,  1.  the  External,  2.  the 
Middle,  and  3.  the  Internal  ear.  The  latter  of  these  is 
the  most  important,  and  in  it  the  auditory  nerve  ends. 
The  auditory  organ  is  lodged  in  the  temporal  bone,  the 
internal  ear  being  in  that  portion  called  the  petrosal  or 
pars  jpetrosa  (fig.  8,  lo). 

The  position  of  the  pinnaf  or  what  is  commonly  called 


Fia.  67.  Cells 
from  the  olfac- 
tory iJortiou  of 
oue  of  tlie  uusilI 
chambers  (mng- 
iiifled  about  200 
diameters) :  a, 
ei)ithelial,  b,  ol- 
factory cells. 
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the  ear,  is  sufficiently  well  known,  and  the  relative 
positions  of  the  other  parts  of  the  auditory  organ  may  be 
seen  in  figure  58. 

1.  The  External  Ear.  The  external  ear  consists  of  the 
pinna,  a,  which  is  chiefly  composed  of  cartilage,  and 


i    Ic  c  d 


Pia.  59.  Section  through  organ  of  he.iriiig  (p,irtly  dlngrjimniatlc) ;  right  side  viewed  from 
before :  the  bone  surrounding  the  labyrinth  has  been  removed :  a,  right  e.ar ;  6,  external 
auditory  p.Tsaage ;  c,  tympanic  membrane,  .above  which  tlie  malleuB,  incus,  and  stapes  are  seen  ; 
a,  tympanum ;  e.  Eustachian  tube ;  /,  auditory  nerve  passing  to  labyrinth ;  cochlea ;  fi, 
semicircular  canal;  i,  styloid  process  of  skull;  k,  carotid  artery;  I,  petrous  portion  of  tem- 
poral bone. 

of  a  tube  called  the  external  auditory  meatzis,  b,  which 
passes  directly  inwards  from  the  pinna ;  the  outer  por- 
tion of  this  tube  is  cartilaginous,  and  the  inner  bony. 
The  skin  which  lines  the  external  meatus  is  supplied 
towards  its  outer  part  with  numerous  small  glands  which 
secrete  the  cerumen,  or  wax  of  the  ear. 

2.  The  Middle  Ear,  or  Tympanum.  The  tympanum  is 
completely  separated  from  the  external  auditory  meatus 
by  a  delicate  membrane,  called  the  tymioanic  membrane 
or  membrane  of  the  drum  (c),  which  is  stretched 
obliquely  across  its  inner  end.  On  the  inner  side  is  a  small 
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bone  called  the  malleus  (fig.  59,  c),  from  its  supposed 
resemblance  to  a  hammer ;  this  is  attached  to  the  centre 
of  the  membrane  by  a  process  corresponding  to  the  handle. 
Another  and  more  delicate  process  of  the  malleus  is  called 
the  p-ocessus  gracilis.  The  head  of  the  malleus  rests  upon 
a  second  small  bone  called  the  anvil,  or  incus  (d).  This 
has  also  two  processes,  the  shorter  one  being  attaclied  to 
the  hind  wall  of  the  tympanum,  while  the  longer  is  con- 
nected witli  a  third  bone  called 
the  stapes  or  stu'rup  bone  (e). 
At  the  point  where  the  incus 
joins  the  stapes  there  is  a  very 
small  npdule  of  bone  called  the 
OS  orhiculare.  The  base  or  foot 
plate  of  the  stapes  fits  into  an 
oval  aperture  in  the  inner  wall 
Fig.  B9.  sm.iu  bones  of  ligni  ear,    of  tlie  tvmpanum,  Called  the 

seen  from  before  (twice  their  natural                           J      I               ^     ^  w 

sue):  «,  external  auditory  iMSBage;  feuestva  OValis.      TllUS   it  will  be 

0,  tj'niiiame  iiieiiibraiie  or  drum  ;  »^ 

.•  head  of  maiieua.  c'.  its  uandie,  c".  sccn  tbat  thcrc  exists  in  the 

Its  processus  gracilis.  (Quat/i.)  •  t  ti  '         o  r 

middle  ear  a  series  of  four  small 
bones,  extending  fi-om  the  ti/mj^amc  membrane,  across  the 
tympanic  cavity,  to  the  fenestra  ovalis. 

The  plate  of  the  s-tapes  is  fastened  to  the  borders  of 
the  fenestra  ovalis  by  a  membrane,  so  that  this  aperture 
which  leads  into  the  internal  ear  is  completely  closed. 
Just  below  this  is  another  orifice,  aptly  termed  the 
fenestra  rotunda,  also  closed  by  a  membrane. 

The  front  part  of  the  tympanum  communicates  with 
the  upper  part  of  the  pharynx  by  means  of  a  wide  canal 
called  the  Eustachian  tube  (fig.  58)  ;  both  this  and  the 
tympanum  itself  are  lined  by  a  ciliated  mucous  membrane. 

Two  small  muscles  anust  here  be  mentioned.  The  first 
passes  from  the  floor  of  the  tympanum  to  the  orbicular 
bone,  and  is  called  the  stapedius.  By  its  contraction  it 
increases  the  tension  of  the  membrane  of  the  fenestra 
ovalis.  The  second,  called  the  tensor  tijmpani,  is  attached 
to  the  malleus  and  the  front  wall  of  the  tympanum,  this 
serving  to  tigliten  the  membrane  of  the  drum. 

3.  The  Internal  Ecu;  or  Labyrinth.  Immediately  within 
the  fenestra  ovalis  a  small  chamber,  called  the  vestibule, 
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is  hollowed  out  of  the  petrosal  hone  (fig.  60).  Communi- 
cating with  it  are  three  semicircular  canals  (also  hollowed 
out  of  the  same  bone)  whose  ends  open  into  the  vesti- 
bule. On  account  of  their  positions  they  have  received 
Ohe  names  of  anterior  and  posterior  vertical,  and  external 
horizontal,  semicircular 
canals.  One  end  of  each 
becomes  dilated  just  be- 
fore entering  the  vesti- 
bule,  the  dilatation  being 
termed  the  ampulla. 

The  vestibule  and 
canals  are  known  as 
the  bony  labyrinth  in 
order  to  distinguish  them 
from  the  membranous 
labyrinth  now  to  be  con- 
sidered. Within  the 
vestibule  is  a  membi'an- 
ous  bag,  the  vestibular 
sac,  consisting  of  two 
parts,  termed  the  sacciihcs 
liemisphericus  and  the 
utricuhis,  which  are  separated  by  a  thin  membrane. 
Into  the  latter  portion  open  three  membranozis  semi- 
circular canals,  which  lie  in  the  bony  canals  already 
mentioned  ;  each  has  a  dilatation,  or  ampulla,  correspond- 
ing to  the  dilatation  of  the  bony  canal. 

The  vestibular  sac  and  its  semicircular  canals  do  not 
quite  fill  the  bony  cavities  in  which  they  are  lodged,  and 
the  space  left  is  filled  by  a  watery  fluid  called  the  peri- 
lympli.  The  sac  itself  and  the  membranous  canals  are 
filled  with  a  very  similar  fluid,  termed  the  endolympli. 

Within  each  membranous  ampulla  is  a  transverse 
ridge  beai'ing  hair-like  processes,  which  are  prolonga- 
tions of  the  epithelial  cells.  The  vestibiilar  sac  contains 
similar  but  less  prominent  ridges,  with  few  or  no  hairs  ; 
in  their  place,  however,  are  found  minute  calcareous 
particles,  termed  otolithes  or  otoconia. 

Communicating  with  the  front  of  the  vestibule  is 


Fra.  60,  Left  bony  labyrinth  separated  from 
surrounding  bone,  outer  side  :  a,  vestiljule  ;  b, 
fenestra  ovalis  ;  c,  superior,  d,  horizontjil  or  ex- 
ternal, and  e,  posterior,  semicircular  caiuils  ; /, 
their  anipullaj ;  ff,  cochlea ;  A,  fenestra  rotunda. 
The  lower  figure  is  the  natural  size. 
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another  peculiar  canal,  also  hollowed  out  of  the  bone. 
It  is  coiled  upon  itself  about  two  and  a  half  times  in  the 
form  of  a  snailshell,  and  has  on  this  account  received 
the  name  of  the  cochlea.     The  portion  of  bone  Avhich 


1}   d  '^^i^m^^i^x^ii^^ii^ 

Fig.  61.  Fig.  62. 

Fio.  61.   Cochlea  of  .a  child  l.iid  open. 

Fin.  62.  Section  through  tliecochleiv  .iiiil  surrounding  bone  of  .1  very  younccalf :  or,  fenestra 
rotunda;  b,  scahi  tympani ;  c,  scala  veotibuli ;  rf, lamina  spiralis  :  c.  canalis' CQchle:c.  or  scata 
media;/,  modiolus.  In  which  the  radiating  lines  represent  the  fibres  of  the  auditorj-  ntrw 
passing  to  the  lamina  spiralis. 

occupies  the  inside  of  the  coil  is  termed  the  modiolus 
(fig.  62,/).  The  interior  of  the  spiral  tube  is  divided 
throughout  its  length  by  a  partition  called  the  lamina 
spiralis  (fig.  61,  cT)  into  two  portions  called  scalce.  That 
edge  of  the  partition  which  joins  the  modiolus  is  bony,  but 
the  outer  part  is  membranous,  and  has  a  very  complex 

structure.  The  scala  upon  one 
side  of  the  lamina  spiralis  opens 
freely  into  the  bony  vestibule, 
and  is  therefore  called  the  scala 
vestihuU;  while  that  uj)on  the 
other  side  of  the  partition,  being 
only  separated  by  the  membrane 
„       „       „     ,         ,,  of  the  fenestra  rotunda  fi-om  the 

Fiu.  C3.   Section  thruui-'h  one  coil  J  .  ni    i     ii  7 

of  the  cochlea,  magiiiiicd  about  20  tunwanum,  IS   Called  the  scala 

diameters:  a,  scala  tyinpani ;  0,  acal.i.    J     I         ^        mi  7 
veslibuli;  c,  scala  media;  rf,  mem-  tlimVam.      TlieSB  twO  SCaiOi  COm- 
braiie  of  Reissner ;  auove  the  letter  ,  .  ,  i       1 1  i.  xl 

is  the  Insilar  membriuie  ill  which  arc  municate  With  Cacll  OtuCr  at  tllC 
tile  rods  of  Corti ;  from  the  nei"\'ous                •tpji  ii  x  I'l 

ganglion,  (/,  nerves  are  seen  passing  in  SUmmit  Of  the  COChlea,  at  WlUCll 
tlie  iiony  lamina  spiralis  to  the  basilar        .       n      7        •  •     7  •    •  i. 

luembraue.  {(iuaiu.)  poiut  the  lamina  sinralis  is  want- 

ing, and  both  are,  as  might  be  expected  from  their  free 
communication  with  the  vestibule  (not  the  vestibular 
sac),  filled  vfith.  perilymph. 
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B>'  reference  to  figure  63  it  will  be  seen  i:liat  the 
membrane  of  the  outer  part  of  the  lamina  sj)ircdls 
separates  into  two  portions,  the  space  between  forming 
ix  triangular  canal  (the  sccda  media,  c),  which  extends 
from  the  base  of  the  cochlea,  throughout  the  length  of 
the  lamina  spiralis,  and  terminates  with  it  near  the 
summit  of  the  cochlea.  The  upper  end  of  this  scala  is 
closed,  while  the  lower  end  opens  into  the.  vestibular  sac 
by  a  small  duct.  The  membrane  which  separates  the 
scala  media  from  the  scalavcstihidi,  is  known  as  the  mem- 
brane of  Reissner  (tZ),  while  that  which  separates  the  scala 


Fro.  64  Section  tlirough  tlio  sa-il.T  meili.i.  including  both  the  basil.ir  and  Reissncr'a  mem- 
bi*ane,  magnified  400  diameters  :  S!V.,  scala  vestibuli  ;  S.T.,  scala  tympani ;  S.I\I.,  scalamodin; 
a,  Rei.ssner's  membrane,  with  its  epithelial  cells  ;  6,  basilar  membrane  ;  c,  d,  inner  and  onter 
rods  of  Corti ;  e,  e,  hair  cells,  from  which  hairs  are  seen  projecting  througli  the  reticular  mem- 
brane/; g,  cochlea  nerve,  from  which  fibres  are  seen  passing  to  two  of  the  hair  cells  ;  h,  mem- 
braaa  tectoria ;  i,  crista  spiralis  ;  k,  spiral  ligament.  {Turiior.) 

media  from  the  scala  tyinpani  is  termed  the  basilar  mem- 
brane{e).  The  latter  structure  is  very  elastic,  and  the  ar- 
rangement of  its  parts  is  peculiar,  as  may  be  seen  by 
reference  to  figure  64,  which  represents  a  transverse 
section  very  much  enlarged.  Upon  that  side  which  is 
directed  towards  the  scala  media,  is  placed  a  vast  num- 
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bcr  of  minute  rod-like  bodies,  the  fibres  of  Corii,  each 
of  which  consists  of  two  portions  joined  at  an  angle 
(c,  d).  Upon  the  inner  side  of  the  Cortian  fd^i-es  (that  is, 
towards  the  modiolus,  there  is  a  row  of  cells  which  are 
provided  with  hairlike  bodies  at  one  extremity ;  one  of 
these  hair-cells  is  shown  at  e'.  Outside  the  Cortian 
fibres  there  are  several  rows  of  similar  cells  (e,  e).  The 
membrane  (/)  which  stretches  over  the  hair-cells  is 
known  as  the  reticular  membrane,  and  has  perforations 
through  which  the  hairs  of  the  bair-cells  project.  An- 
other membrane  which  passes  outwards  from  the  crista 
sjyiralis  (i)  is  called  the  memhrana  tcctoria  (h).  When 
the  surface  of  the  reticular  membrane  is  viewed,  the 
cells  and  fibres  of  Gorti  are  seen  to  be  arranged  in  an 
extremely  regular  manner  side  by  side,  somewhat 
like  the  keys  of  a  piano. 

Nerves.  Branches  of  the  auditory  nerve  pass  to  each 
ampulla,  and  to  the  vestibular  sac.  They  appear  to  be 
connected  with  the  epithelial  cells  in  the  neighbourhood 
of  the  hair-like  processes  and  of  the  otolithes. 

Other  branches  are  distributed  to  the  cochlea;  these 
enter  the  modiolus,  and  pass  by  special  canals  in  the 
bone  through  it  and  through  the  lamina  spiralis  to  the 
edo-e  of  the  basilar  membrane.  The  manner  in  which 
they  terminate  is  not  certainly  known ;  but  some  of  the 
fibres  have  been  traced  to  the  hair-cell. 

Functions  of  the  Ear.  Sound  is  the  effect  of  certain 
vibrations  upon  the  auditory  nerves.  The  vibrations  of 
a  body  communicate  wave-like  motions  to  the  suri'ound- 
ing  media,  and  in  this  way  sound  travels.  A  body 
sounding  iu  air  throws  this  elastic  medium  into  a 
state  of  vibration,  producing  a  series  of  at?rial 
waves.  It  is  found  that  stretched  membranes  take 
up  these  vibrations  from  the  air  with  very  great 
readiness. 

Sound  waves  may  be  conveyed  to  the  auditory  nerves 
in  three  ways : — 

First.  By  impinging  upon  the  outer  surface  of  the 
head,  and  being  transmitted  through  the  substance  of  the 
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skiill.  In  this  case  tlio  vibi'ations  would  probably  be 
almost  lost  before  reach iug  tlie  auditory  nerve. 

Second.  By  impinging  upon  the  pinna  or  concha  of  the 
ear  and  being  conveyed  through  its  substance  aiid  that 
of  the  walls  of  the  external  meatus  to  the  tympanic  mem- 
brane ;  and  thence,  in  a  manner  to  be  presently  described, 
to  the  auditory  nerves. 

Third.  By  entering  the  external  auditory  meatus,  and 
impinging  upon  the  tympanic  membrane,  thereby  causing 
it  to  vibrate.  There  can  be  no  doubt  that  the  latter  is 
by  far  the  most  important  mode  in  which  the  vibrations 
are  transmitted  to  the  nerves. 

Sound-waves  striking  upon  the  tympanic  membi'ane, 
cause  it  to  vibrate,  that  is  to  move  in  and  out  with 
every  wave.  This  motion  is  communicated  to  the  mal- 
leus, and  thence  in  turn  to  the  incus  and  stapes ;  so  that 
as  the  tympanic  membrane  vibrates,  the  stapes  moves 
in  and  oat  of  the  fenestra  ovalis. 

The  vibrations  of  the  tympanic  membrane  are  also 
conducted  by  the  air  in  the  tympanic  cavity,  and  the 
sound  waves  consequently  impinge  upon  the  inner 
wall  of  the  tympanum  and  upon  the  membranes  of  the 
fenestras  ovalis  and  rotunda. 

The  extent  to  Avhich  the  membranes  of  the  ear  will 
vibrate  must  depend  upon  the  tightness  with  which  they 
are  stretched.  Now  the  slapedius  muscle,  when  it  con- 
tracts, tends,  as  we  have  seen  (p. 122),  to  tighten  the  mem- 
brane of  the  fenestra  ovalis ;  while  the  contraction  of 
the  tensor  tympani  muscle  tightens  the  tympanic  mem- 
brane. The  vibrations  of  the  membranes  are  therefore 
controlled  by  the  contraction  and  relaxation  of  these 
two  muscles. 

The  vibration  of  the  membranes  of  the  fenestrte  ovalis 
and  rotunda  causes  a  vibration  in  the  perilymph  of  the 
bony  labyrinth  and  cochlea  ;  from  which  the  vibrations 
are  transmitted  to  the  endolymph  of  the  membranous 
labyrinth  and  scala  tnedia.  Finally  the  otolithes  and 
fibres  of  Corti,  set  in  motion  by  the  vibrating  endo- 
lymph, so  stimulate  the  filaments  of  the  auditory  nerve 
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as  to  cause  tliem  to  convey  to  the  brain  the  impression 
wliicli  wc  call  sound. 

Ifc  lias  been  thought  that  it  is  l)y  means  of  the  mem- 
branous labyrinth  that  we  receive  impressions  of  tlio 
varying  intensity  of  sounds,  while  the  cochlea  enables 
us  to  discriminate  between  sounds  of  different  pitch. 

It  is  well  known  that  a  tuning  fork  will  commence 
vibrating  if  its  own  particular  note  be  sounded  near  to 
it.  It  has  been  supposed  that  the  fibres  of  Corti  are  each 
tuned,  as  it  were,  to  a  different  pitch,  and  that  when  a 
musical  note  is  sounded,  the  vibrations  being  conveyed 
to  the  scala  media,  affect  only  that  particular^Z^?-e  of  Corti 
which  is  tuned  in  unison  with  the  note.  According  to  this 
view  every  musical  sound  picks  out  a  particular  Cortian 
fibre  and  sets  it  vibrating,  the  vibrations  influencing 
the  nerve  filament  connected  with  it,  so  as  to  give  rise, 
in  the  brain,  to  the  impression  of  that  particular  sound. 

The  Eustachian  tube  appears  to  serve  the  purpose 
of  keeping  the  air  inside  the  tympanum  at  about  the 
same  tension  as  that  outside. 

V.  The  Sense  of  Sight. 

The  Eye  or  Organ  of  Vision.  Strudtire  of  ilie  Eye. 
We  have  now  to  consider  the  apparatus  by  which  im- 
pressions of  light  are  received  and  converted  into  in- 
fluences capable  of  affecting  the  brain  so  as  to  give  rise 
to  the  sensation  of  light. 

The  etjes  are  two  globular  bodies,  lodged  in  two 
cavities  in  the  front  of  the  skull,  which  are  termed  orbits, 
and  surrounded  by  certain  appendages  serving  for  their 
proper  adjustment  and  protection. 

The  cyehall  is  a  hollow  body  nearly  spherical  in  shape, 
of  a  whitish  colour,  and  opaque,  except  in  front,  where  it 
is  transparent.  Cutting  it  open,  it  is  found  to  consist  of 
three  coats,  termed  respectively  the  sclerotic,  the  choroid, 
and  the  retina  (fig.  65).  The  first  is  the  external  coat, 
the  last  is  a  fine  meshwoi'k  of  nerves,  etc.,  lining  the 
back  and  sides  of  the  interior.     Immediately  beneath 
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the  transparent  portion,  or  cornea,  is  a  space  filled  with 
■Watery  fluid,  called 
the  aqueous  ]iuuiou): 
Next  comes  a  com- 
paratively dense  lens- 
shaped  mass  called  the 
crystalline  lens,  behind 
which,  and  occupying 
the  greater  cavity  of 
the  ball,  is  the  vitreous 
humour,  less  dense 
than  the  crystalline 
lens  and  more  so  than 
the  aqueous  humour. 

The  Sclerotic.  Tho 
■white,  shining  outside 
coat  or  sclerotic  (fig. 
65,  I)  is  composed  of 
very  tough  fibrous  tis- 
sue, that  is  continued 
into  the  transparent 
cornea.  The  cornea  has 
a  somewhat  deeper 
curve  than  the  rest  of 
the  eyeball,  and  consequently  projects  a  little  beyond 
the  general  surface. 

The  Choroid.  On  the  inside  of  the  sclerotic  is  the 
choroid  coat  (d);  this  consists  of  two  portions,  a  vascular 
membrane  which  lies  next  to  the  sclerotic,  and  a  layer 
of  polygonal  cells  containing  a  quantity  of  brow^n  or 
black  pigment.  This  coat  extends  over  the  whole  of 
the  interior  of  the  sclerotic,  but  just  before  reaching  the 
edge  of  the  cornea  it  is  raised  into  a  number  of  radiat- 
ing folds  termed  the  ciliary  processes  (/). 

The  Iris.  Immediately  within  the  cornea  is  the 
small  chamber  (g)  filled  with  aqiieotis  Jmviour.  At 
the  back  of  this  chamber  is  the  iris  (h),  a  kind  of 
muscular  curtain,  the  colour  of  which  varies  ia  different 
individuals.    In  the  centre  of  the  iris  is  thejjwpiZ  of 


Fia.  G5.  Horizon  Ul  section  of  tlie  left  cj-c,  view  oi 
tlie  lower  half,  somewhat  enlarged  :  n,  cornea :  a', 
conjunctiva  ;  b,  sclerotic,  continuous  with  c,  sheath 
of  oijtic  nerve  ;  d,  choroid,  consisting  of  two  layers  ;  c, 
retina;  c',  macula lutea  ;  /,  ciliary  process  ;  ff,  chamber 
containing  aqueous  humour;  A,  iris;  k,  small  chamber 
behind  the  iris;  I,  ciliary  muscle  ;  m,  canal  of  Petit, 
a  space  between  the  suspensory  ligauient ;  n,  crys- 
tallino  lens  ;  o,  large  ohamber  of  the  eye,  containing 
the  vitreous  humour ;  artery  in  centre  of  optic 
nerve ;  q,  opposite  the  blind  si)ot ;  r,  orra  semitii 
at  commeucemeut  of  ciliary  part  of  retina,  {fiuauu) 
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tlie  eye,  -whicli  is  simply  an  aperture  through  which  the 
light  passes.  The  iris  is  composed  of  connective  and 
elastic  tissues,  with  bloodvessels,  nerves,  and  unstriped 
muscular  fibres.  Some  of  the  latter  arc  arranged  in  a 
circle  around  the  pupil,  while  others  are  placed  radially. 
Coloured  pigment  cells  exist  throughout  its  substance ; 
but  the  inner  surface  is  covered  by  a  layer  of  dark  pig- 
ment cells  continuous  with  those  of  the  choroid.  The 
iris  is  attached  at  its  circumference  to  the  cornea  and  to 
the  ciliary  processes  of  the  choi'oid. 

The  Crystalline  Lens.  Behind  the  iris,  between 
the  aqzieous  and  vitreous  humours,  is  the  crijstalUne  lens 
(ii)  :  a  doubly-convex,  transparent,  elastic,  colourless 
body,  having  its  front  face  curved  less  deeply  than  the 
back.  It  refracts  light  more  strongly  than  either  the 
vitreous  or  aqueous  humours. 

The  lens  is  composed  of  peculiar  fibres,  anranged  in 
a  very  complex  manner.  When  hardened  by  boiling  or 
otherwise,  its  substance  may  be  peeled  off  in  a  series  of 
layers,  like  the  coats  of  an  onion. 

The  lens  is  contained  in  an  elastic  capsule,  and  is  held 
in  position  by  what  is  called  the  suspensory  ligament. 
This  ligament  is  attached  all  round  to  the  front  and 
border  of  the  capsule  ;  and  passing  outwards  is  also 
connected  with  the  ciliary  processes  of  the  choroid. 

The  Ciliary  Muscle.  Between  the  sclerotic  and  the 
ciliary  processes  are  to  be  seen  certain  unstriped  muscular 
fibres.  These  form  the  ciliarij  muscle  (J).  They  are  at- 
tached to  the  sclerotic  near  its  junction  with  the  cornea, 
and  passing  backwards,  are  inserted  into  the  choroid  ;  so 
that  when  they  contract  the  choroid  is  drawn  fon>'ard, 
and  whcTi  they  relax  the  elasticity  of  the  choroid  causes 
it  to  resume  its  former  position. 

The  Retina.  At  the  back  of  the  eyeball  and  a  little 
towards  its  inner  side,  the  optic  nerve  pierces  the 
sclerotic  and  choroid  coats,  and  then  spreads  out  to  form 
the  retina  (e),  which  is  a  delicate  nervous  membrane,  ex- 
tending over  the  inner  surface  of  the  eye  between  the 
vitreous  liumour  and  choroid,  and  reaching  nearly  to  the 
ciliary  processes. 
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The  Yellow  Spot,  or  Macula  Liitea.  When  a  perfectly 
fresh  liuman  eye  is  cut  across  so  as  to  separate  it  into 
auterior  and  posterior  halves,  there  is  seeu  in  the  latter, 
nearly  opposite  to  the  centre  of  the  lens,  an  elli^jtical 
yellowish  spot,  the  macula  lutea  (e)  ;  this  is  the  part  of 
the  retina  most  sensitive  to  light.  In  the  middle  of  the 
macula  lutea  is  a  small  depression,  termed  the  fovea 
centralis. 

The  Blind  Spot.  On  the  inner  side  of  the  yellow  spot, 
and  some  little  distance  from  it,  is  the  point  at  which  the 
optic  nerve  enters  the  eye.  Bloodvessels  may  be  seen  ra- 
diating from  this  point  over  the  retina.  This  spot,  being 
altogether  insensible  to  light  is  called  the  hlincl  spot  (q). 

Microscopic  Structure.  The  retina,  although  apparently 
a  simple  membrane,  is  nevertheless  a  very  complicated 
structure ;  but  in  order  to  see  this,  it  is  necessary  to 
make  exceedingly  thin  sections  perpendicular  to  its 
sui'face,  and  to  examine  them  with  a  powerful  micro- 
scope (p.  173).  A  portion  of  such  a  section  is  represented 
diagrammatically  in  fig.  66,  and  will  be  seen  to  con- 
sist of  a  series  of  layers  of  fibres,  granules,  and  cells. 

It  should  be  noticed  that  the  layer  (a)  is  the  surface 
which  natui'ally  lies  next  to  the  choroid  coat,  and  that 
marked  (i)  nearest  to  the  vitreous  humour. 

The  layer  (a)  consists  of  a  great  number  of  minute 
cylindrical  bodies  arranged  perpendicularly  to  the  sur- 
face of  the  retina ;  these  are  called  the  rods;  among  them 
are  other  bodies  somewhat  pyriform  in  shape,  which  are 
termed  the  cones{h).  The  outer  granular  lajjer  (c)  contains 
a  number  of  granules,  some  of  which  are  attached  to  the 
bases  of  the  rods  and  cones.  Nerve-fibres  pass  from  the 
granules  and  probably  form  the  layer  of  interwoven 
fibres  (cZ)  ;  nerve-fibres  also  pass  from  this  interlaced 
portion  to  the  inner  granular  layer  (e).  The  layer  of  fine 
convoluted  nerve-fibres  (/)  is  connected  with  the  inner 
granular  and  with  the  ganglionic  corpuscles  (g).  The 
connective  tissue  which  naturally  lies  among  the  convo- 
luted fibres,  appears  to  contain  numbers  of  molecules, 
and  hence  this  layer  has  been  termed  the  molecular 
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layer.  At  h  is  seen  the  layer  of  nerve-fibres  spread  out 
from  the  optic  nerve. 

All  these  Injcrs  of  the  retina,  except  that  of  the 

rods  and  cones,  are 
lield  together  by  con- 
nective tissue,  ^vhich 
extends  from  i, 
■where  it  forms  the 
inner  or  anterior  limi- 
tary  membrane,  to 
li,  the  mUer  or  i^os- 
terior  limitary  mem- 
bi'ane. 

At  the  blind  spot 
there  are  no  rods 
and  cones,  but  at  the 
yellow  spot  the  cones 
are  very  numerous, 
while  all  the  other 
layers  become  very 
much  thinner. 

Besides  the  oj^tic 
nerve,  which  is  alone 
concerned  in  the 
transmission  of  im- 
pressions of  light, 
the  various  parts  of 
the  eye  are  supplied 
with  branches  from 
the  thii'd  and  fifth  cra- 
nial nerves,  and  also 
from  the  sympathetic. 
The  artery  which 

a,  tlie  rods;      the  cojies  ;  c,  outer  granular  Jayex* ;  (f,  m-  , 

tergranular  layer ;  c,  iimer  grauul.-u- layer  ;/,  molecular  SUppiieS  tlie  retUia 
layer  ;  ff,  ganglionic  corpuscles  ;  It,  layer  of  nerve  fibres  ;  i  i       j        i  j  1 

!,  the  inner,  .ind  k,  the  outer,  limitary  membrane.  With  biOOU  eUtCrS  tue 

f  sclerotic,  as  has  been 

mentioned, -in  the  centre  of  the  optic  nerve  (fig.  65, 
p)  ;  and  its  branches  ramify  in  the  retina  between 
the   internal  limitary   membrane   (/)  and  the  inner 


Fio.  6G.  Diagrammatic  view  of  a  sectiou  of  the  retina 
(magnified  about  250  diameters):  A,  tlie  nervous  elements 
from  which  the  connective  tissue,  13,  has  been  separated  ; 
a,  the  rods ;  b,  the  cones  ;  c,  outer  granular  layer  ;  d,  in 
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ranular   layer   (e)  ;    so  that   tbey  lie  altogether  in 
ronfc  of  the   layer   of  rods   and   cones,  which,  as 
•  .-e  shall  jDresentlj  see,  are  alone  sensitive   to  light. 
^  Numerous  small  arteries  supplying  other  parts  of  the 
ye,  enter  at  the  back  of  the  sclerotic. 
Functions  of  the  Parts  of  the  Eye.  All  the  various 
;iarts  of  the  eye  just  described  subserve  one  or  other  of 
'WO  distinct  offices.  One  part,  namely,  the  retina,  having 
or  its  function  the  conversion  of  luminous  impi'essions 
:nto  nervous  influences,  capable  of  giving  rise  in  the 
;)i'ain  to  the  sensation  of  light;  while  all  the  other 
:tructures  form  portions  of  an  apparatus  for  throwing 
ilistinct  images  of  external  objects  upon  the  retina. 

Refraction  of  Light.  When  light  passes  obliquely 
■rom  a  rarer  to  a  denser  medium,  as  for  example  from 
ii,ir  into  glass,  it  is  bent  out  of  its  straight  course,  or 
■  efraded.  When  a  beam  of  light  is  made  to  pass  through 
1 .  clotihly  convex  lens,  the  refraction  takes  place  in  such  a 
manner,  that  after  passing  through  the  lens,  the  rays 
:onverge  approximately  to  a  point,  or  foc2is  as  it  is 
.ermed.  The  effect  of  this  may  be  easily  seen  on  placing 
I,  lens  between  a  candle  flame  and  a  screen;  by  moving 
Ihe  lens  gradually  from  the  screen,  a  point  will  be 
ceached,  when  an  inverted  image  of  the  flame  will  be 
oeen  upon  the  screen.  If  the  lens  be  fixed  in  this  posi- 
i  ion,  and  the  flame  gradually  removed  from  it,  it  will  be 
lOund  that  the  image  on  the  screen  becomes  less  and 
;ess  distinct.  If  now  the  lens  be  moved  nearer  to  the 
-creen,  the  image  will  regain  its  distinctness.  The  clear 
anage  might  also  be  again  obtained  by  substituting 
unother  lens  of  greater  focal  length. 

Function  of  the  Crystalline  Lens.  The  crystalline  lens 
iGcts  in  just  the  same  way  as  the  lens  in  the  above 
experiment,  throwing  images  of  external  objects  upon 
he  retina,  which  forms  a  screen.  The  luminous  effect 
-3  increased  by  the  retina  being  enclosed  in  a  chamber 
rom  which  all  other  light  is  excluded.  The  eye  is  in 
lact  a  camera  of  a  very  perfect  kind.  When  rays  of 
iiight  reflected  from  an  object  strike  upon  the  cornea,  they 
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become  to  some  extent  refracted  ;  the  c/njstalline  lens, 
JidvYCver,  is  the  cliicf  means  by  wliicli  they  are  brouglifc 
to  a  focus  upon  tbe  retina. 

If  the  parts  of  the  eye  are  arranged,  so  as  to  throw 
upon  the  retina  a  distinct  image  of  an  object  which  is 
distant,  say  ten  inches  from  the  eye,  it  will  be  obvious 
from  what  has  been  said,  that  objects  that  are  at  a 
greater  distance  will  not  be  clearly  depicted  on  the 
retina.  And  as  it  is  necessary  for  distinct  vision  that 
all  objects  should  be  clearly  focussed,  it  follows  that  near 
and  distant  objects  cannot  be  distinctly  seen  at  one 
and  the  same  time ;  this  is  a  fact  with  which  we  are  all 
well  acquainted. 

Adjustment  of  the  Eye  to  near  and  distant  Objects.  The 
means  by  which  the  lens  of  the  eye  is  adjusted  in  order  to 
change  its  focus  for  near  or  distant  objects  is  very 
peculiar.  It  can  be  shown  by  experiment  that  the 
front  face  of  the  lens  becomes  flatter  when  distant 
objects  are  looked  at,  and  more  convex  when  the  eyes 
are  fixed  upon  near  objects.  This  change  is  generally 
acknowledged  to  be  brought  about  in  the  following 
manner.  We  have  seen  how  that  the  lens  is  attached 
to  the  ciliary  processes  of  the  choroid  by  the  ciliary 
ligament ;  now  under  ordinaiy  circumstances  this  liga- 
ment is  in  a  state  of  tension,  consequently  the  lens, 
which  is  very  elastic,  is  flatter  than  it  would  be  if  the 
tension  of  the  ligament  were  relaxed.  The  contraction 
of  the  ciliary  muscle  (fig.  65,  Z)  draws  the  choroid  coat 
more  forward ;  this  of  course  allows  the  tension  of  the 
ciliaiy  ligament  to  relax,  the  result  being  that  the  lens, 
in  virtue  of  its  own  elasticity,  becomes  more  convex.  If 
after  looking  at  a  distant  object  the  eyes  be  directed 
suddenly  to  some  near  object,  a  feeling  of  efi'ort  will  be 
experienced ;  this  is  caused  most  probably  by  the  con- 
traction of  the  ciliary  muscles. 

The  Uses  of  the  Iris.  It  is  found  that  the  rays  of  light 
passing  through  an  ordinary  glass  lens  near  the  circum- 
ference, are  not  brought  to  a  focus  at  the  same  point  as 
those  which  pass  through  nearer  the  middle ;  the  con- 
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sequence  is,  that  the  image  a^Dpears  more  or  less  blurred. 
This  is  remedied  by  -using  an  opaque  plate  or  diaphragm, 
with  a  hole  in  the  centre,  to  intercept  the  rays  near  the 
circumference  of  the  lens.  In  the  eye,  the  iris  acts  as  a 
diaphragm ;  but  with  this  peculiarity,  that  the  size  of 
the  aperture  can  be  altered  to  admit  more  or  less  light ; 
and  further,  these  alterations  take  place  involuntarily, 
being  entirely  due  to  reflex  action.  If  we  look  at  a  bright 
light,  the  effect  upon  the  retina  is  such,  that  an  afferent 
impulse  is  carried  to  the  brain,  and  there  reflected  upon 
nerves  connected  with  the  muscular  fibres  arranged 
around  the  aperture  of  the  iris  (p.  130),  causing  them  to 
contract,  and  consequently  to  reduce  the  size  of  the 
pupil.  The  extraordinary  manner  in  which  the  pupil 
of  a  cat's  eye  contracts  and  dilates  is  a  matter  of  fre- 
quent observation. 

The  Poini  of  Distinct  Vision.  It  is  necessary  to  distinct 
vision  that  the  image  of  an  object  be  not  only  clearly 
formed  upon  the  retina,  but  also  that  the  image  fall  upon 
the  macula  lutea.  If  it  fall  upon  any  other  part  of  the 
retina  it  may  be  visible,  but  not  distinctly.  When  we 
wish  to  see  an  object  clearly,  we  instinctively  turn  the 
eye  into  sucli  a  position  that  the  image  falls  upon  the 
macula  lutea. 

The  Blind  Si^ot.  It  has  been  stated  above  that 
this  spot  is  altogether  insensible  to  light ;  this  may 
be  shown  in  the  following  manner  : — Make  on  paper  two 
black  dots  about  three  inches  apart ;  then  close  the  left 
eye,  and  holding  the  paper  at  a  distance  of  about 
twelve  inches,  look  steadily  at  the  left  dot  with  the  right 
eye.  In  this  position  both  dots  can  be  seen.  Now  bring 
the  paper  gradually  nearer  to  the  eye  :  at  a  certain  point 
the  right  dot  will  disappear.  Bring  the  paper  nearer,  and 
it  will  again  come  into  view.  It  can  be  proved  that 
the  dot  disappears  when  its  image  falls  upon  the 
point  of  entrance  of  the  optic  nerve.  This  point  is 
therefore  termed  the  blind  spot. 

The  Functions  of  the  Bods  and  Cones.  The  parts  of  the 
retina  believed  to  be  chiefly  concerned  in  the  reception 
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of  luminous  rays  are  tlie  rods  and  cones;  and  lying  as 
tliey  do  nearest  the  clioroid,  the  light  in  order  to  reach 
them  has  to  jjass  througli  all  the  other  layers  of  the  retina. 
The  inference  that  the  impressions  of  light  are  received 
by  the  layer  of  rods  and  cones,  and  not  by  the  fibres 
of  the  optic  nerve,  is  founded  on  the  following  facts : — 

1.  At  the  blind  spot  there  are  no  rods  and  cones,  but 
many  optic  nerve  fibres. 

2.  At  the  macula  luiea,  the  place  of  most  perfect 
vision,  the  layer  of  rods  and  cones  is  somewhat  thicker, 
the  cones  in  particular  being  very  numerous  ;  while  the 
nerve-fibres  and  other  layers  of  the  retina  are  absent. 

3.  We  have  seen  that  the  bloodvessels  of  the  retina 
ramify  between  the  inner  granular  layer  and  the  internal 
limitary  membrane  (p.  132)  ;  and  as  the  light  has  to 
pass  through  these  layers  before  it  reaches  the  rods  and 
cones,  the  shadow  of  the  bloodvessels  must  be  thrown 
upon  the  rods  and  cones,  and  if  these  are  sensitive  to 
light  we  should  expect  to  seethe  shadows  of  the  vessels. 
Ordinarily  they  are  not  seen  ;  but  if,  on  entering  a  dark 
room,  the  eyes  be  directed  towards  one  of  the  dark  walls, 
and  a  light  be  moved  up  and  down  close  to  the  outer 
side  of  one  of  the  eyes,  shadows  of  the  bloodvessels 
will  be  seen  as  red  branches,  cast  apparently  upon  the 
dark  wall. 

OpticNerve  not  affected  hy  Light.  The  optic  nerve  itself 
is  insensible  to  light,  but  if  it  be  iri'itated  by  pinching 
or  galvanizing,  nervous  influences  giving  rise  to  the 
sensation  of  light  are  carried  to  the  brain. 

Duration  of  Impressions  of  Light.  The  efiect  of 
light  continues  upon  the  retina  about  an  eighth  of  a 
second  after  the  light  has  ceased  to  fall  upon  it ;  con- 
sequently, if  less  time  than  this  intervene  between  two 
impressions  of  light,  they  will  give  rise  to  but  one  sen- 
sation. Hence  it  is  that  an  object  whii'led  rapidly 
round  ajjpears  as  a  circle,  and  not  as  a  single  object  iu 
any  one  place. 

Temporary  Blindness.  The  sensibility  of  the  retina 
to  impressions  of  light  is  very  soon  impaired.  If  we  look 
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steadily  at  a  bright  spot  on  a  black  ground  for  a  time, 
and  then  look  at  a  sheet  of  white  paper,  a  dark  spot 
■will  be  seen.  This  is  caused  by  the  part  of  the  retina 
on  which  the  bright  spot  falls  becoming  for  a  time 
partially  blinded,  consequently  the  light  reflected  from 
the  white  paper  has  not  the  same  effect  upon  it  as  upon 
the  sui-rounding  parts. 

The  most  curious  effects  of  temporary  blindness  are  ob- 
served in  connection  with  colours.  Ordinary  white  light 
is  made  up  of  rays  of  all  the  colours  of  the  spectrum. 
Normally  the  retina  is  sensitive  to  each  of  these  colours, 
and  when  they  all  fall  upon  it  at  the  same  time  the 
sensation  of  white  is  produced.*  If  a  bright  red  spot 
upon  a  white  grotmd  be  looked  at  steadily  for  some 
time,  and  then  the  eyes  be  turned  to  a  sheet  of  white 
paper,  a  green  spot  will  be  seen.  The  reason  is  that 
the  part  of  the  retina  on  which  the  red  light  falls, 
becomes  to  a  certain  degree  temporarily  blinded  to  that 
colour;  hence,  when  light  from  the  white  paper  strikes 
it,  the  red  constituent  produces  no  effect,  and  the  com- 
bined action  of  the  other  rays  gives  rise  to  the  sensation 
of  green.  If  a  green  spot  be  first  looked  at,  then  upon 
turning  to  the  white  paper  a  red  spot  will  be  seen  ;  red 
and  green  being  what  are  known  as  complementary 
colours.   These  appearances  are  termed  ocular  sjjectra. 

Colour  Blindness.  Inability  to  perceive  certain 
colours,  called  colour  llinchiess,  is  with  some  people  a 
permanent  infirmity.  Instances  are  occasionally  met 
with  of  persons  quite  incapable  of  perceiving  any 
colour ;  but  perhaps  the  most  common  and  at  the 
same  time  the  most  remarkable  cases,  are  those  of 
persons  who  cannot  distinguish  red  from  green;  to 
whom  red  sealing-wax  and  green  leaves  appear  of  similar 
tint. 


*  It  is  not  necessary  that  all  the  coloui-s  should  be  present  in 
order  to  produce  white  ;  yellow  and  blue  rays  when  combined  ap- 
pear white,  and  so  do  red  and  (ireenish  blue,  and  greenish  yelloio 
and  violet.  Any  two  colours  which  when  combined  produce  white 
are  termed  complementanj , 
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Inversion  of  Images.  The  image  of  an  external  object 
is  always  inverted  u^pon  the  retina ;  notwithstanding 
this,  the  mind  perceives  the  object  in  an  upright  position. 
Why  this  is  it  is  not  easy  to  explain,  but  it  appears 
to  be  due  to  the  fact  that  the  mind,  from  its  earliest 
development,  has  been  led  by  the  assistance  of  the 
sense  of  touch,  to  refer  an  impression  received  upon  the 
lower  pai'ts  of  the  retina  to  the  upper  part  of  an  external 
object,  and  vice  versa ;  and  similarly  those  received  upon 
the  right  side  of  the  retina  to  the  left  side  of  an  object, 
aad  vice  versa. 

The, power  we  possess  of  determining  the  true  direc- 
tion of  an  object,  although  its  image  must  be  depicted 
upon  the  opposite  side  of  the  retina,  is  due  to  a  similar 
education  of  the  visual  sense. 

The  Combined  Action  of  the  two  Eyes.  We  have 
liitherto  simply  considered  the  action  of  a  single  eye, 
bat  there  are  certain  points  with  regard  to  the  combined 
action  of  the  two  eyes  which  must  be  noticed. 

When  both  eyes  are  directed  towards  an  object,  an 
image  of  the  object  is  formed  upon  each  retina  ;  conse- 
quently there  must  be  two  sets  of  imiiressions  of  the 
same  object,  although,  as  a  rule,  the  mind  perceives  but 
one.  It  is  necessary,  however,  in  order  that  the  two 
images  may  be  perceived  as  one,  that  both  eyes  be  so 
directed  that  the  image  in  each  falls  upon  the  yelloiv  spot 
(or  upon  what  have  been  termed  corresponding  portions 
of  the  two  eyes)  ;  ordinarily  the  requisite  adjustment 
takes  place  involuntarily,  but  if  it  do  not  take  place, 
the  impression  of  two  images  is  conveyed  to  the  brain. 
This  is  easily  proved.  Let  some  object  be  looked  at 
with  both  eyes — the  brain  will  perceive  but  one  object. 
Now  press  gently  upon  the  side  or  upper  part  of  one 
eye ;  by  so  doing  the  eye  is  pushed  out  of  its  proper 
position,  and  the  image  is  caused  to  fall  upon  another 
part  of  the  retina,  the  result  being  that  impressions  of 
two  images  are  conveyed  to  the  brain,  and  the  mind 
cannot  by  any  effort  divest  itself  of  the  idea  of  two  ob- 
jects so  long  as  the  Qje  remains  out  of  position.  If 
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now  the  fingei-  be  gradually  removed,  the  two  images 
nppear  to  come  nearer  and  nearer,  until  they  blend  into 
one. 

Why  it  is  that  two  images  falling  upon  corresj^ondiufj 
2Htris  of  the  two  retinas  are  only  seen  as  one,  has  not 
been  satisfactorily  explained.  It  has  been  considered  by 
some  persons  to  be  due  to  the  decussation  of  the  optic 
nerves  (p.  110)  ;  but  it  appears  most  probable  that  it 
is  the  result  of  an  unconscious  mental  action,  somewhat 
similar  to  that  by  which  the  inverted  image  upon  the 
retina  is  referred  to  an  upright  position  (p.  138). 

When  a  solid  body  is  looked  at  with  both  eyes,  the 
images  formed  upon  the  two  retinjB  are  not  exactly 
alike,  for  the  right  eye  will  see  somewhat  more  of  the 
right  side,  and  the  left  eye  rather  more  of  the  left  side ; 
so  that  to  some  extent  we  look  round  the  sides  of  a  solid 
object ;  this  enables  us  to  see  objects  in  relief,  and  to 
judge  of  their  solidity. 

If  a  correct  drawing  were  made  of  a  solid  body  as 
it  is  seen  by  the  right  eye,  and  another  as  it  is  seen  by 
the  left,  and  the  images  were  to  be  made  to  fall  upon 
corresponding  iKirls  of  the  two  retinas,  an  impression  of 
the  object  in  relief  would  be  conveyed  to  the  brain. 
This  is  what  is  done  by  means  of  the  stereoscope. 

Appendages  of  the  Eye.  Each  eye  is  surrounded 
except  in  front  by  fat,  which  forms  a  soft  cushion  for 
it  to  rest  upon,  and  enables  it  to  be  moved  with  the 
greatest  ease. 

The  Eyelids.  In  front  the  eye  is  protected  by  the 
upper  and  lower  eyelids,  or  palpelrce.  Each  lid  con- 
sists of  an  external  layer  of  skin  supported  by  a  thin 
plate  of  soft  cartilage.  Between  the  skin  and  the  carti- 
lage are  bands  of  striped  muscular  fibre,  arranged  in  a  cir- 
cular manner,  and  forming  the  orhicularis  muscle,  which 
by  contracting  closes  the  eyelids  (fig.  16).  The  upper  lid 
is  raised  by  a  special  muscle,  the  levator  palpehrce,  which 
passes  from  the  lid  to  the  back  of  the  orbit  (fig.  69,  g). 
There  is  no  special  muscle  to  depress  the  lowei'  lid.  Both 
lids  are  lined  with  a  very  delicate  and  exceedingly  sen- 
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Fio.  67.  Front  view  of  a  left  eye,  to  show  posi- 
tion of  laclu-ymal  apparatus,  etc. :  a,  lacliryinnl  gland 
and  below  it  tlie  apertures  of  its  ducts  ;  b,  Inclirymal 
can.lls  or  canalicnli,  opening  Into  tlie  laclirymal  sac, 
c,  wliicli  communicates  witli  tlio  nas.al  cliamber  l)y 
the  duct  rf  ;  e,  lacliryma  punctum  of  lower  lid  ;  tlie 
orifices  of  the  Meibomian  glands  are  seen  upon  the 
luargin  of  the  eyelids. 


sitive  mucous  membrane,  tei^med  the  conjnndlva,  which 

is  reflected  over  the 
front  of  the  eye, 
including  the  cornea. 
The  thickened  edges 
of  the  lids  bear  the 
eyelashes,  close  to  the 
bases  of  which  is  a 
row  of  small  aper- 
tures, the  openings  of 
the  ducts  of  the  Mei- 
bomian glands  (fig. 
67).  These  glands  lie 
in  the  substance  of  the 
eyelids,  and  secrete  an 
unctuous  fluid. 

The  Lachrymal 
Glands.  Within  each 
orbit,  at  its  outer  and  upper  part,  a  lachrymal  gland 
is  situated  (fig.  67,  a).  The  structure  of  these  organs 
is  very  similar  to  that  of  the  salivary  glands.  They 
secrete  a  saline  fluid,  which  is  pom^ed  out  con- 
tinually from  numerous  ducts  between  the  eye  and 
the  eyelid.  The  fluid  keeps  the  front  of  the  eye 
moist,  and  also  washes  away  any  solid  particles,  which 
might  interfere  with  the  sight.  This  cleansing  of 
the  front  of  the  eye  is  assisted  greatly  by  the  frequent 
movement  of  the  lids,  in  winking.  At  the  inner  corner 
of  each  eye  is  a  small  rounded  body  of  a  reddish  colour, 
called  the  caruncle.  Above  and  below  the  caruncle,  at  the 
extreme  inner  corner  of  each  lid,  is  a  minute  aperture,  the 
imncUim  lacltrymale  (e),  which  opens  into  a  short  canal. 
The  canal  from  the  upper  lid  joins  that  fi'om  the  lower 
lid,  and  the  two  together  open  into  the  dilated  upper  end 
of  the  lachrymal  duct  (d),  which  passiug  downwards, 
penetrates  the  bone,  and  opens  into  the  nasal  cavity 
below  the  inferior  turbinal  bone.  The  secretion  of  the 
lachrymal  glands  is  usually  conveyed  through-  the  lachry- 
mal ducts  into  the  two  nasal  cavitie.?,  which  it  helps  to 
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keep  moist,  bat  when  the  fluid  is  secreted  in  greater 
abundance,  as  in  certain  cases  of  mental  emotion,  the 
lachrymal  ducts  cannot  carry  it  away  quickly  enough, 
and  the  excess  flows  down  the  cheeks  as  tears. 

TJto  Mtoscles  of  the  Eyeball.  The  eyeballs  are  capable  of 
considerable  and  varied  motion  in  their  sockets  by  means 
of  muscles,  of  which  there  are  six  to  each  eye.  Pour  of 
them  are  straight,  and  are  therefore  called  recti  muscles. 
These  are  attached  to  the  back  of  the  orbit  around  the 
foramen  through  which  the  optic  nerve  passes,  and 
extend  forwards  from  thence  to  be  inserted  into  the  front 
part  of  the  sclerotic,  one  being  on  the  upper  pg-rt,  one  be- 


Fig.  68.  Kg.  69. 

Fio.  68.   Muscles  of  the  left  eyeball  seen  from  .ibove.  {UanhaH.) 

Fig.  69.  The  so.me  seea  from  the  outer  side  (Quain):  a,  superior,  b,  inferior,  c.  Internal, 
d,  external,  recti  muscles ;  e,  superior  oblique,  passing  through  its  pulley,  and  /,  inferior 
oblique  muscle  ;  g,  muscle  which  raises  the  upper  eyelid ;  ft,  optic  nerve  ;  t,  decussation  or 
diiasma  of  optic  nerves  ;  k,  lower  margin  of  orbit ;  I,  lachrymal  gland, 

low,  and  one  on  each  side  (figs.  68, 69) .  The  superior  rectus 
muscle  tm-ns  the  front  of  the  eye  upwards,  the  inferior 
recltis  brings  it  downwards,  the  internal  rectus  moves  it 
inwards,  and  the  external  rectus  turns  it  outwards.  Two 
adjoining  muscles  contracting  at  the  same  time  turn  the 
eye  in  an  oblique  direction. 

The  other  two  muscles  are  the  superior  and  inferior 
oUique  muscles  {e,f).  The  former  arises  with  the  four 
recti  at  the_  back  of  the  orbit,  and  passes  forward  to  the 
upper  and  inner  corner  of  the  margin  of  the  orbit,  where 
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it  becomes  tendinous  and,  passing  tlu'ougli  a  pulley 
(formed  by  a  loop  of  fibro-cai-tilage),  is  directed  outwards 
and  downwards,  under  the  superior  rectus,  and  is  finally 
inserted  into  the  outer  side  of  the  eyeball.  The  inferior 
oblique  muscle  arises  from  the  flooi*  of  the  orbit  at  its 
inner  and  fore  part,  passes  outward  and  backward  under 
the  eyeball,  into  which  it  is  inserted  upon  its  outer 
side.  The  action  of  the  two  oblique  muscles  is  compli- 
cated, bat  appears  to  be  chiefly  directed  to  turning  the 
eye  upon  its  axis. 

Practical  Section. 

The  Organs  of  Smell.  The  uasal  chambers  may  be  examined 
iu  a  rabbit  lulled  as  before  directed  (p.  21).  Remove  the  skiu 
from  the  upper  and  front  part  of  the  head.  Two  large  bones  are 
exposed  which  pass  anteriorly  into  the  cartilages  of  the  snout ; 
these  are  the  nasal  bones.  Insert  one  blade  of  a  strong  pan  of 
scissors  into  one  of  the  nostrils,  aud  cut  through  the  nasal  bone  at 
its  outer  margin,  extending  the  cut  as  far  back  as  the  front  of 
the  orbit ;  do  the  same  upon  the  opposite  side.  Now  cut  through 
the  upper  part  of  the  septum,  as  close  to  the  uasal  bones  as  pos- 
sible ;  raise  the  two  nasal  bones  thus  partly  separated,  and  cut  them 
away.    The  two  nasal  cavities  will  then  be  laid  open. 

At  the  upper  part  of  each  chamber  will  be  seen  an  hregular  red 
mass,  consisting  of  the  [upper  and  middle  turbiual  bones,  covered 
by  their  mucous  membrane.  More  iu  front,  aud  upon  the  outer 
wall  of  each  chamber  will  be  seen  the  inferior  turbinal  covered  by 
its  mucous  membrane.  The  turbiual  bones  iu  the  rabbit,  do  not 
occupy  the  same  relative  positions  with  regard  to  each  other  as 
they  do  in  man,  owing  to  the  difference  inform  of  the  nasal  cham- 
bers, which  in  the  rabbit  are  so  much  elongated. 

The  Ear.  Having  removed  the  skin  from  the  head  of  a  rabbit, 
cut  thi'ough  the  muscles  of  the  lower  jaw  so  that  the  jaw  may  be 
separated  from  the  skull.  Dissect  away  the  muscles  ar-ouud  the 
external  meatus,  so  as  to  expose  completely  the  bony  tube, 
which  is  continuous  with  the  cartilage  of  the  external  ear,  and 
also  the  bulb  of  bone  which  forms  the  lower  part  of  the  bony  tube 
upon  the  base  of  the  skull.  Commencing  at  the  most  external 
part  of  the  tube,  gradually  break  away  its  lower  side,  piece  by 
piece,  with  the  nippers,  until  the  membrane  (the  drum  of  the  car) 
is  seen,  which  stretches  across  the  inner  end  of  the  tube.  After 
exposing  the  membrane  as  much  as  possible,  and  examining 
it,  it  may  be  carefully  torn  aside  ;  when  it  will  be  seen,  that  to  the 
central  portion  of  its  inner  surface  the  end  of  a  small  bone  is 
attached.    This  is  the  long  arm  of  the  malleus,  the  head  leiug 
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hidden  in  the  upper  pai-t  of  the  cavity  of  the  tympanum.  The 
bulb  may  now  be  broken  away  so  as  to  expose  the  tympanic  cavity 
more  fiilly.  The  position  of  the  malleus,  incus,  and  stapes 
should  be  noticed,  and  the  manner  in  which  the  base  of  the  stapes 
fits  into  the  fenestra  ovahs.  The  membranous  labji-inth,  being 
embedded  in  the  substance  of  the  bone,  is  not  at  all  easy  to  demon- 
strate ;  but  there  are  one  or  two  points  upon  the  interior  of 
the  skull  which  may  be  noticed.  If  the  cavity  of  a  skull,  from 
which  the  brain  has  been  removed,  be  examined  in  the  region  cf 
the  ear,*  a  large  hole  will  be  easily  seen,  and  a  little  below  this 
one  or  two  smaller  apertures.  The  smaller  apertures  are  for  the 
passage  of  the  auditory  and  other  nerves.  With  the  point  of  a 
penknife  very  carefully  cut  or  scrape  away  the  bone  which  forms 
the  upper  rim  of  the  large  hole.  The  anterior  vertical  semicircular 
canal,  which  arches  over  this  hole,  will  in  this  way  be  opened,  and 
may  be  displayed  more  fully  by  continuing  the  process.  By  simi- 
larly cutting  away  the  lower  part  of  the  same  hole  the  vestibule 
may  be  opened. 

In  order  to  display  the  cochlea,  use  the  side  of  the  skull  in  which 
the  tympanum,  malleus,  incus,  and  stapes  have  been  examined, 
as  described  above.  It  will  be  noticed  that  below  the  stapes,  that 
is  just  below  the  fenestra  ovalis,  the  bone  presents  a  somewhat 
rounded  appearance.  With  the  point  of  a  penknife  carefully 
scrape  away  this  rounded  portion  ;  the  cavity  of  the  cochlea  which 
lies  immediately  within  this  will  thus  be  opened,  and  with  care 
may  be  displayed  from  its  base  to  its  summit.  The  modiolus,  with 
the  lamina  spiralis  winding  round  it,  will  be  seen  occupying  the 
centre  of  the  cavity. 

The  Eye.  The  eyes  of  sheep  serve  remarkably  well  for  dis- 
section, and  may  be  readily  obtained  of  the  butcher.  Fresh  eyes 
are  not  easy  to  manipulate  on  account  of  their  slipperiness, 
it  is  therefore  better  for  dissection  to  have  them  hardened  in 
some  preservative  fluid.  The  student  should,  however,  cut  open 
one  or  two  in  the  fresh  state,  in  order  to  see  the  principal  parts  in 
their  natural  condition,  as  the  transparency  and  colour  of  the 
various  portions  become  changed  in  the  processs  of  hardening. 

Several  perfectly  fresh  eyes  should  be  obtained,  and  some  holes 
made  through  the  sclerotic.  To  do  this  hold  the  eye  between  the 
finger  and  thiimb,  and  with  a  razor  cut  short  slits  around  the 
circumference  of  the  eye,  about  a  quarter  of  an  inch  behind  the 
edge  of  the  cornea.  Place  the  eyes  thus  prepared  in  a  solution 
of  chromic  acid  or  bichromate  of  potash  for  about  three  weeks. 

A  fresh  sheep's  eye,  in  the  condition  in  which  it  is  ordinarily 
obtained,  is  surrounded  by  a  certain  amount  of  fat  and  portions 


*  The  examination  of  these  parts  will  be  much  facilitated,  if  the  skull  be 
first  sawn  in  half  longitudinally,  and  then  boiled,  so  that  the  mombranea 
and  muscles  may  bo  cleared  away,  and  the  bonos  left  clean. 
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of  the  red  muscles  which  have  been  for  the  most  part  cut  away  in 
removing  the  eye  from  its  socket.  Around  the  edges  of  thfe 
cornea  a  portion  of  the  eyelid  is  usually  left  attached.  At  the  back 
of  the  eye,  and  a  little  towards  the  inner  side,  the  optic  nerve 
will  be  seen  entering  the  sclerotic. 

The  fat  should  be  dissected  off,  together  with  the  muscles,  and 
the  eye  cut  in  half  transversely.  This  will  be  most  easUy  accom- 
pUshed  by  holding  the  eye  between  the  forefinger  and  thumb  of 
the  left  hand  upon  apiece  of  cork*,  and  then  cutting  it  across 
between  finger  and  thumb  with  a  sharp  razor. 

The  transparency  of  the  cornea,  lens,  vitreous  humour,  and 
also  of  the  retina  should  be  noticed,  so  as  to  compare  them  with  the 
same  parts  when  hardened.  In  the  posterior  half  may  be  seen, 
through  the  transparent  vitreous  humour,  the  entrance  of  the 
optic  nerve  and  the  bloodvessels  which  radiate  from  this  point  over 
the  delicate  transparent  retina,  the  latter  spreading  hke  a  film 
over  the  whole  of  the  interior  of  this  half  of  the  eye.  There  is  no 
macula  lutea  in  the  sheep's  eye.  Remove  the  vitreous  humour 
and  the  retina  so  that  the  brightly  coloured  choroid  coat  may  be 
seen. 

Within  the  front  half  of  the  eye  will  be  seen  a  portion  of  the 
vitreous  humour  and  the  perfectly  transparent  lens,  surrounded 
by  the  ciliary  jnvcesses,  and  a  portion  of  the  retina. 

The  aqueous  humour  is  best  shown  by  takhig  an  eniire  ixesh 
eye  and  cutting  through  the  cornea,  when  this  fluid  will  be  seen 
to  spirt  out. 

Having  examined  the  ej'e  in  the  fresh  condition,  the  student 
will  find  the  manipulation  of  those  which  have  been  hardened 
much  easier.  Both  transverse  and  longitudinal  sections  should  be 
examined.  The  latter  are  best  made  by  placing  the  eye  upon  a 
piece  of  cork,  with  the  cornea  downwards,  and  then,  passing  the 
razor  through  the  middle  of  the  optic  nerve,  cut  the  eye  in 
half.  When  the  razor  is  felt  to  be  in  contact  with  the  hardened 
lens,  cease  to  di-aw  it,  and  finish  the  section  by  simply  pressing 
it  through,  otherwise  the  lens  will  be  di'awn  out  of  its  place. 

The  sections  should  be  compared  ^vith  the  descriptions  given 
in  the  former  part  of  the  chapter,  and  with  the  figures. 

In  order  to  see  the  intimate  structure  of  the  retina,  or,  indeed, 
the  finer  parts  of  any  of  the  sensory  organs,  it  is  necessary  to  pre- 
pare them  in  a  special  manner,  so  that  sections  may  be  cut  for 
examination  with  the  microscope. 


♦  A  slice  of  a  turnip  or  of  a  cnn-ot  is  better  than  cork  for  this  and 
similar  purposes,  ns  tbe  edge  of  the  razor  ia  not  so  much  injured  by 
coming  in  contact  with  it. 
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CHAPTER  XTII. 
ORGANS  OF  MOTION. 

Different  Kinds  of  Movements.  All  tlie  more 
obvious  movements  taking  place  throughout  the  body- 
are  caused  by  the  contraction  of  muscles,  which  are 
therefore  termed  organs  of  motion.  Besides  these  there  are 
two  other  kinds  of  movements  which  take  place  in  the 
body,  viz.,  amoeboid  movements  and  cilianj  movements. 

The  amoeboid  movements  are  performed  by  the  white 
blood  corpuscles  (p.  69)  and  some  other  cells.  They  are 
not  very  obvious,  but  are  nevertheless  considered  to  be 
of  considerable  importance  in  the  animal  economy. 

Cilianj  movements  are  the  continual  vibration  of  cer- 
tain minute  hair-like  bodies,  termed  cilia,  which  are 
attached  to  the  epithelial  cells  lining  some  parts  of  the 
body.  They  ai-e  found,  for  example,  in  the  larger  air 
passages  of  the  lungs,  the  lower  parts  of  the  nasal  cavi- 
ties, the  tympanic  cavities,  the  ventricle  of  the  brain, 
and  elsewhere.  The  movements  take  place  in  a  definite 
direction  about  ten  times  in  a  second.  They  are  such 
as  to  cause  the  fluid  (mucus,  etc.)  upon  the  ciliated  sur- 
face to  flow  in  a  certain  direction.  How  the  movements 
of  the  cilia  are  produced  is  not  known  ;  probably  it  is  by 
the  alternate  contraction  of  opposite  sides  of  each  cilium. 

Mtiscular  contractility  is  that  property  of  muscular 
fibres  in  virtue  of  which  they  become  reduced  in  length 
under  certain  influences  ;  these  influences  being  com- 
monly conveyed  to  them  by  nerves. 

Muscles.  Muscles  consist  of  muscular  fibres  bound 
together  by  connective  tissue  in  small  bundles,  which 
are  then  united  into  larger  ones.  The  connective  tissue 
penetrates  between  the  fibres,  separating  them  from  one 
another,  at  the  same  time  that  it  binds  them  together. 
Nerves  and  bloodvessels  also  are  bound  up  in  each 
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bundle,  but  altliougli  they  are  brought  into  such  close 
relation  with,  the  fibres  they  do  not  enter  them. 

When  the  fibres  contract,  the  muscle  is  reduced  in 
length,  but  its  bulk  is  not  lessened;  what  is  lost  in  length 
being  gained  in  thickness. 

Muscular  fibre  is  of  two  kinds,  siriijed  and  unstrifcd 
(p.  167),  which  differ  in  their  properties  as  well  as  ap- 
pearance. When  a  striped  muscle  is  irritated,  whether 
directly  or  through  a  nerve,  contraction  takes  place 
instantly,  and  relaxation  the  moment  the  irritation  is 
removed.  In  the  case  of  mistrijjed  muscles  the  contrac- 
tion produced  by  irritation  is  slower,  and  does  not  cease 
with  the  irritation. 

All  muscles  retain,  for  some  time  after  death,  the 
power  of  contracting  under  irritation ;  but  sooner  or 
later  this  power  goes,  the  muscles  grow  rigid,  and  the 
limbs  become  fixed  in  the  position  they  may  chance  to 
have  assumed  when  this  stiffening,  or  rigor  mortis, 
begins.  The  rigidity  is  produced  by  the  coagulation  of 
a  fluid  termed  myosin. 

Unstrij^ed  Muscles.  The  muscles  of  the  walls  of  the 
alimentary  canal,  the  bloodvessels,  the  lymjDhatics,  the 
ducts  of  glands,  the  urinary  bladder,  and  the  iris,  are 
unstriped,  and  on  account  of  their  mode  of  arrangement 
are  termed  hollow  muscles.  Unstriped  muscular  fibres 
are  also  found  in  other  parts  of  the  body. 

Unstriped  muscles  are  not  under  the  control  of  tbe 
will,  and  are  therefore  termed  involuntary  muscles. 

The  muscles  of  the  alimentary  canal  arranged  in  lon- 
gitudinal and  circular  layers,  give  rise  to  the  peristaltic 
movement  by  which  the  food  is  gradually  passed  along 
thi'ough  the  oesophagus,  stomach,  and  intestine  (p.  45). 

The  action  of  the  muscular  coats  of  the  arteries  in  re- 
gulating the  supply  of  blood  has  alx'eady  been  noticed 
(pp.  72,  88),  so  also  has  that  of  the  muscular  fibres  of 
the  iris  (p.  135). 

The  muscles  of  the  heart  are  of  the  striped  kind  ; 
but,  like  the  unstriped  muscles,  they  are  not  under  the 
control  of  the  will.  Their  action,  too,  has  ab'sady  been 
considered  (p.  68). 
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Striped  Muscles.  The  greater  number  of  these  muscles 
are  under  the  control  of  the  will,  and  are  attached 
to  bones  Avhich  act  as  levers,  being  moved  by  the 
contraction  of  the  muscles.  The  movement  of  the 
lower  upon  the  upper  arm  -will  serve  as  an  example  of 
muscular  action :  the  radius  and  ulna  (fig.  73)  are  at- 
tached by  a  movable  joint  at  a,  to  the  humerus  ;  the 
biceps  muscle  is  seen  to  be  connected  at  its  upper  part 
with  the  scapula,  its  lower  end  being  inserted  into  tlie 
radius  near  tbe  elbow  joint.  Now  it  is  obvious  that 
if  the  biceps  muscle  be  reduced  in  length,  the  fore-arm 
will  be  drawn  up  towards  the  humerus,  acting  therefore 
in  the  manner  of  a  lever. 

It  will  be  noticed  further  that  the  upper  end  of  the 
biceps  muscle  is  attached  to  a  part  which,  relatively  to 
the  lower-arm,  is  fixed,  while  the  lower  end  of  the  muscle 
is  attached  to  a  part  which  moves  when  the  muscle 
contracts.  In  such  cases  the  relatively  fixed  point  of 
attachment  is  called  the  origin  of  the  muscle ;  and  the 
attachment  of  its  movable  end  is  termed  its  insertion. 

The  extremities  of  muscles  are  tisually  attached  to  the 
bones  by  strong,  whitish,  fibrous  cords,  called  tendons. 

Levers.  Levers  are  of  three  orders,  named  accord- 
ing to  the  relative  positions 
of  the  fulcrum,  or  point  upon  ^ ' 
which  the  lever  is  supported ; 
the  weight,  or  resistance  to 
be  overcome;  and  the  poiuer 
which  is  to  put  the  lever  in 
motion. 

In  the  first  order  the  ful-y^ 
crum  is  between  the  lueight  p 

and  tlie  pOlVer.  Fio.  70.   Thetln-eo  orders  of  lever:  F, 

In  the  second  order  the  p.  p^^^n  w.  weight. 

weight  is  between  the  fulcrum  and  the  ^ower. 

In  the  third  order  the  'power  is  between  the  fulcrum 
and  the  loeight. 

Examples  of  all  three  orders  are  found  in  the  body. 

Examples  of  the  first  order.    1.  The  movement  of 


F 

▲ 

W 

— t,p 

'a. 

=4= 

148 


ANIMAL  PHYi^IOLOGY. 


Fia.  71.  The  skull  balanced  upon  the  top 
of  the  vertebral  cohunu  ;  an  exauiple  of  a  lever 
of  tlie  first  order  :  a,  position  fulcrum  ;  6, 
weiglit ;  c,  power.  {Afai-s?iaU.) 


tlie  skull  upon   the   iirst  cervical  or   alias  vertebra. 

In  tills  instance  the  atlas 
vertebra  forms  the  fulcrum; 
and  when  the  face  is  turned 
upwards,  the  front  part  of 
the  head  is  the  loeigJd,  the 
force  exerted  by  the  contrac- 
tion of  the  muscles  at  the 
back  of  the  neck  being  the 
lioiver.  When  the  face  is 
turned  downwards  the 
poioer  is  in  front,  and 
the  iveight  behind. 

2.  The  movement  of  the 
pelvis  upon  the  heads  of 
the  thigh  bones  in  the  act 
of  raising  the  body  from 
a  stooping  to  an  upright  position.  In  this  case  the  head 
of  the  femur  forms  the  fulcrum,  the  body  is  the  xceicjht, 
while  the  poioer  is  exerted  by  the  muscles  at  the  back 
of  the  thigh  which  are  attached  to  the  ischium. 

3.  The  extension  (p.  153)  of  the  fore-arm  upon  the 
upper-arm  affords  another  example  of  the  first  order. 
Exavifles  of  the  Second  Order.    1.  The  action  of  the 
foot  when  used  as  in  Avalking  on  tip- 
toe.   The  ground  upon  which  the  toes 
rest  is  the  fulcrum,  the  iveight  is  that  of 
the  body  upon  the  ankle  joint,  and  the 
poioer  the  contraction  of  the  muscles 
of  the  calf  of  the  leg,  which  are  at- 
tached by  means  of  the  Achilles  tendon 
to  the  heel-bone,  or 
calcaneum. 

2.  The  depres- 
sion of  the  lower 
jaw  in  opening 
the  mouth.  The 

Fia  72.    Tlio  foot  as  used  in  walking  on  tiptoe;  .111      /"^ficj-ifmis  thepoiut 
example  01  a  lever  of  the  secona  ordex' :  a,  luleruni ;  0,    J  r 
weigl.t ;  c,  power.   {Marthall.)  of  artiCulatlOn  of 


ORGANS  OF  MOTION. 


149 


the  lower  jaw  with  tlie  skull,  tlie  iveiglit  is  the  tension  of 
the  muscles  which  close  the  jaw,  tlie  imirer  is  exerted  by 
the  muscles  attached  to  the  under  part  of  the  chin. 
Examples  of  ihe  Third  Order.    1.  The  action  of  the 


FiH.  73.  Bones  of  the  upper  extremity,  with  tlie  biceps  muscle.  The  bending  of  the 
lower  upon  the  xipper  arm,  uu  e.iauiplc  uf  a  lever  of  the  third  order:  a,  fulcrum  (the  ex- 
tremity of  the  humerus) ;  6,  wei.u'ht  (the  Imnd) ;  c,  power  (the  contraction  of  the  biceps 
muscle,  which  is  here  attached  to  the  radius) ;  the  muscle  is  seen  to  be  nttiiched  to  the 
scapula  by  two  tendons.  (J/arjArtff.) 

elbow-joint  in  the  bending  or  flexion  (p.  153)  of  the  fore- 
arm upon  the  upper  arm.  The  f^dcrum  is  the  articula- 
tion of  the  humerus  with  the  ulna  and  radius,  the 
weight  is  that  of  the  fore-arm  and  hand,  the  poiver  is  the 
effort  of  the  biceps  muscle,  which  is  attached  to  the 
fore-arm  just  in  front  of  the  humerus. 

2.  The  movement  of  the  leg  upon  the  thigh  when  it  is 
bent  or  flexed.  The  fidcrum  is  the  point  of  contact  of  the 
femur  with  the  tibia,  the  weight  is  that  of  the  leg,  and  the 
poiver  the  contraction  of  the  muscles  of  the  back  of  the 
thigh,  which  are  attached  to  the  leg  near  the  fulcrum. 

Joints.    Bones  which  move  upon  one  another  possess 
joints  or  articulations,  constructed  so  as  to  give  the  re- 
quisite amount  of  movement,  witliout  being  liable  to  dis-  I 
placement. 

J oints  may  be  conveniently  divided  into  two  classes, 
the  imperfect  and  the  perfect. 

Imp)erfect  Joints.    In  these  the  bones  are  connected  by  , 
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ligament  or  cartilage  interposed  between  and  firmly 
attached  to  tliem,  only  sucli  movements  being  possible  as 
tlie  elasticity  of  the  connecting  substance  -will  allow. 

The  bodies  of  the  vertebras  are  connected  with  each 
other  in  this  way  ;  the  bones  being  joined  by  elastic 
fibro-cartilage,  which  allows  a  considerable  amount  of 
motion  in  the  vertebral  column. 

The  attachment  of  the  sacrum  to  the  pelvic  bones  is 
another  example  of  this  kind  of  imperfect  articulation. 

Perfect  Joints.  In  all  perfect  joints  the  articulating 
surface  of  each  bone  is  covered  by  a  smooth  cartilage ; 
and  between  the  two  surfaces  thus  formed  thei'e  is  a 
closed  sac  closely  connected  witb  the  two  cartilages.  The 
sac  is  termed  a  synovial  capsule,  and  secretes  into  its  in- 
terior a  viscid  fluid  called  synovia,  which  serves  to 
lubricate  the  joint.  The  surfaces  by  which  bones 
articulate  to  form  joints  have  very  different  forms,  and 
consequently  the  amount  and  kind  of  motion  which 
can  take  place  varies  greatly.  The  articulating  surfaces 
ai*e  kept  in  their  places  by  ligaments,  which  are  dif- 
ferently arranged  in  different  joints. 

In  some  cases,  as,  for  example,  the  hne&-joinf,  plates 
of  cartilage  are  interposed  between  the  cartilaginous 
surfaces  of  the  bones. 

Illustrations  of  Perfect  Joints,  1.  The  bones  of  the 
carjms  and  tarsus  (pp.  11, 13)  have  mostly  flattish  articu- 
lar surfaces,  and  being  bound  together  by  strong  liga- 
ments, are  only  capable  of  a  limited,  gliding  kind  of 
motion  upon  one  another.  These  are  thei'efore  among 
the  least  mobile  of  perfect  joints. 

2.  Hinge  Joints,  in  -which,  the  articular  surface  of  one  of 
the  bones  has  more  or  less  the  form  of  a  cylinder,  and  fits 
into  a  corresponding  hollow  in  the  surface  of  the  other 
bone.  The  elbow  is  the  best  example.  The  lower  end  of 
the  humerus  has  the  form  of  an  irregular  cylinder,  the 
axis  of  which  is  at  right  angles  to  that  of  the  humerus  it- 
self. This  cylinder  fits  into  a  hollow  formed  by  the  ends  of 
the  radius  and  ulna.  Movement  can  take  place  only  in 
one  plane,  and  the  extent  of  tlie  motion  is  limited  by 
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the  olecranon  process  of  the  ulna  which  forms  the  elbow, 
and  prevents  the  arm  from  being  bent  backwards. 
The  surfaces  are  kept  in  contact  by  ligaments  which 
sui'round  the  joint,  but  chiefly  by  those  upon  the  sides. 
In  this,  as  in  all  perfect  joints,  there  is  a  synovial 
capsule.  The  hnee  is  another,  though  not  so  perfect  an 
example,  of  a  hinge  joint. 

3.  When  the  articular  surface  of  one  bone  is  a  ball 
which  fits  into  a  concave  socket  in  the  other  bone,  the 
joint  is  termed  a  aip  ami  hall  joint.  The  articulation  of 
the  head  of  the  femur  with  the  acetahtolum  of  the  pelvis, 
forms  a  joint  of  this  character.  In  this  case  motion 
may  take  place  in  almost  any  direction,  but  is  limited 
by  the  depth  of  the  cup,  by  the  ligaments  which 
surround  the  joint,  and  by  the  ligamentum  teres,  which  is 
a  strong  cord  passing  from  a  depression  in  the  bottom 
of  the  cup  to  a  pit  in  the  head  of  the  femur. 

The  articulation  of  the  head  of  the  humerus  with  the 
glenoid  cavity  of  the  scapula  is  another  such  joint ;  but 
the  cup  being  much  shallower  than  that  of  the  hip,  the 
humei'us  is  allowed  greater  freedom  of  motion. 

4.  The  articulation  of  the  first  and  second  cervical 
vertebrae,  atlas  and  axis,  as  they  are  termed,  forms 


Fig.  74. 


Fig.  76. 

fl,  the  two  concave  surfaces  which 


transverse  process;  d. 


Fig.  74.    Atlas  vertebra  viewed  from  above :  a,  a,  me  iwi 
articulate  with  the  two  condyles  of  the  skull ;  h,  neuriU  spine ; 
position  of  odontoid  process  of  atlas  ;  c,  transverse  ligament,   [dray  ) 
,  ^fi'  vertebra  viewed  from  tho  left  side:  a,  one  of  the  convex  surfaces  articu- 

lating with  atlas  ;  b,  neural  sprno  ;  c,  transverse  process ;  d,  odontoid  process.  (Groy.) 

what  is  known  as  a  pivot-joint.  The  body  of  the  axis 
is  produced  above  into  a  peg  or  pivot,  called  the 
odontoid  process  (fig.  75,  d).  The  atlas  has  no  true  body. 
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or  centrum,hMi  is  in  tlie  form  of  an  irregular  ring  (fig.  74) . 
In  its  natural  condition  a  strong  ligament  passes 
across  this  ring,  and  separates  the  aperture  into  two 
parts ;  the  hindmost  is  the  neural  arch,  and  the  fore- 
most receives  the  odontoid  process.  Upon  the  upper 
face  of  the  axis,  on  either  side  of  the  odontoid  process, 
a  somewhat  rounded  surface  articulates  -with  a  corres- 
ponding surface  upon  the  lower  face  of  the  atlas.  By 
this  arrangement  the  atlas  is  enabled  to  turn  upon  the 
pivot  formed  by  the  odontoid  process,  but  the  extent  of 
this  lateral  motion  is  limited  by  certain  ligaments. 

Three  ligaments  are  connected  with  the  poiat  of  the 
odontoid  process  (fig.  76) ;  two  pass,  one  on  each  side, 

(e),  to  the  margin  of 
the  occijntal  foramen 
of  the  skull  and,  on  ac- 
count of  their  prevent- 
ing the  sknll  from  turn- 
ing too  far  round  upon 
the  axis,  are  termed 
checJc  ligaments;  the 
third  passes  to  the  front 
margin  of  the  occipital 
foramen  (/).  A  hroad 
ligament  (d)  also  con- 
nected with  the  front 
margin  of  the  same 
foramen  passes  over  the 
three  ligaments  just 
mentioned  and  the 
odontoid  process,  and 
is  attached  to  the  bodies 
of  some  of  the  vertebrte 
which  form  the  front 
wall  of  the  upper  part 
of  the  neural  canal. 
Different  Movements  of  the  Limbs.  When  a  limb 
is  bent  upon  itself  it  is  said  to  he  flexed,  and  the  muscles 
by  which  it  is  performed  are  termed  fl,exors.    The  bend- 


Fio.  76.  Tlie  neural  canal  In  tlio  upper  part  of 
the  neck,  laid  open  by  the  removal  of  the  neural 
arches  of  the  vertebrre  and  the  back  portion  of  the 
skull:  a,  basal  portion  of  skull;  b,  cut  ends  of 
neural  arches  of  atlas  and  axis  ;  c,  transverse  pro- 
cess of  atlas ;  d,  d\  the  broad  ligament,  extending 
from  the  front  margin  of  the  foramen  magnujn, 
down  the  neural  canal,  upon  the  hinder  surface  of 
the  bodies  of  the  vertebra;,  it  has  here  been  cut 
through  and  turned  back ;  e,  check  ligaments  at- 
tached to  odontoid  process  and  sides  of  foramen 
magnum  ;  /,  ligament  attached  to  point  of  odontoid 
process  and  front  of  foramen  magnum  ;  g,  synovial 
capsules  between  the  articulating  surfaces ;  they 
have  been  laid  open  upon  this  side.  (Oi-ay.) 
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ing  of  the  lower  -upon  tlie  tipper  arm,  the  bending  of 
the  leg  upon  the  thigh,  as  iu  kneeling,  and  the  closing 
of  the  fingers  npon  the  palm  of  the  hand,  are  instances 

flexion.  The  straightening  out  of  a  limb  is  termed  its 
extension,  and  the  muscles  by  which  this  is  accomplished 
are  termed  extensors. 

When  a  limb  is  drawn  towards  the  middle  line  of  the 
body  it  is  said  to  be  addudecl;  when  it  is  moved  away 
from  the  middle  line  it  is  said  to  be  ahduded.  A  limb 
is  rotated  when  it  is  turned  upon  its  axis ;  it  is  obvious 
that  rotation  cannot  be  complete,  for  in  order  to  turn 
the  limb  quite  round,  certain  muscles,  vessels,  and  nerves 
would  have  to  be  torn  away.  The  movement  by  which 
a  limb  is  rotated  so  as  to  describe  a  cone  around  an 
imaginary  axis,  as  in  swinging  round  the  arm,  is  called 
circumdiiction. 

Many  of  the  actions  of  the  body  are  the  result  of  the 
simultaneous  contraction  of  many  muscles.  The  act 
of  standing  upright,  from  the  ease  with  which  it  is 
performed,  might  be  considered  a  very  simple  matter, 
but  such  is  not  the  case.  The  body  has  to  be  balanced 
apon  the  ankle  joint,  and  in  order  to  keep  the  tibia  and 
fibula  steady  upon  the  ankle  joint,  the  contraction  of  the 
muscles  of  the  calf  and  front  of  the  leg  must  be  so  nicely 
balanced  that  the  leg  may  not  be  bent  too  much  forward 
or  backward.  The  knee-joint  must  likewise  be  kept 
steady  by  the  muscles  of  the  front  and  back  of  the 
thigh.  The  pelvis  has  to  be  maintained  in  a  proper 
position  upon  the  heads  of  the  femurs  by  appropriate 
muscles.  The  spinal  colunmis  kept  erect  by  the  muscles 
along  its  back  and  front,  and  the  head  is  prevented  from 
falling  forward  or  backwards  by  the  balanced  con- 
traction of  muscles  attached  to  it  in  front  of  and  behind 
the  spinal  column. 

The  Organ  of  Voice. 
The  Structure  of  the  Larynx.    The  organ  of  voice 
is  a  peculiar  motor  apparatus,  situated  at  the  top  of  the 
trachea,  and  termed  the  larynx. 
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Above  tlie  uppermost  ring  of  the  tracbea  is  a  complete 
ring  of  cartilage  which  is  deeper  behind  than  in  front 
and  called  the  cricoid  cartilage  (fig.  77).  Above  and 
partly  outside  the  cricoid  is  the  thyroid  cartilage,  which 
is  deeper  than  the  cricoid,  but  open  behind.  When 
seen  from  above  it  has  the  form  of  the  letter  V  (fig.  78) 
with  the  angle  turned  forward.  The 
posterior  edges  of  the  thyroid  are 
produced  above  and  below  into  pro- 
cesses, or  cornua  (fig.  77)  ;  the  lower 
of  these  upon  each  side  is  attached 
by  ligaments  to  the  outer  surface  of 
the  cricoid.  The  upper  cornua  are 
connected  with  the  hyoid  bone.  Two 
small  somewhat  pyramidal  cartilages, 
the  arytenoids  (c),  are  movably 
attached  to  the  upper  and  posterior 
part  of  the  cricoid.  From  each  aryte- 
noid a  band  of  elastic  tissue  (fig.  78,  5) 
passes  forward,  and  is  attached 
to  the  inner  and  front  part  of  the 
thyroid  cartilage  towards  its  lower 
margin ;  these  two  bauds  are  called 
the  voccd  chords. 

Muscles  of  the  Larynx.  Upon 
each  side,  a  triangular  muscle, 
termed  the  crico-thyroid  (fig.  77,  d), 
passes  upwards  and  backwards  from 
the  outer  and  front  part  of  the  cricoid  cartilage,  to 
the  lower  part  of  the  thyroid  cartilage.  The  two 
arytenoid  cartilages  are  connected  by  the  posterior 
arytenoid  muscle  (fig.  78,  d),  which  passes  from  one  to 
the  other.  Three  other  muscles  are  also  attached 
to  each  aiytenoid  cartilage,  viz.,  the  posterior  crico- 
arytenoid muscle  (c),  which,  passing  from  its  back  part, 
is  attached  to  the  hinder  portion  of  the  cricoid  carti- 
lage ;  the  thyro-arytenoid  muscle  (a)  extending  from  the 
front  of  the  arytenoid  cartilage  to  the  angle  of  the 
thyroid  cartilage,  and  lying  beside  the  vocal  chord  of 


Fio.  77.  Dlagrammalio 
view  of  the  Inryux.  The  iu- 
terual  i)arts  arc  repreaented 
ua  seen  through  Uie  thyroid 
cartilage :  a,  thyroid,  b, 
cricoid,  and  c,  arytenoid, 
cartilages ;  d,  crico-tliyroid 
itiuscle  ;  e,  thyro-arytenoid 
iinisclc :  /,  vocal  cliords  ;  ff, 
epiglottis ;  h,  liyoid  ;  i, 
traoliea. 
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the  side  to  Avliicli  ifc  belongs;  and  the  lateral  crico- 
arytenoid muscle (6),  attached  to  the  side  of  the  arytenoid 
cartilage,  and  passing 
downwards  and  forwards, 
to  the  cricoid  cartilage. 

The  larynx  is  lined 
with  mucous  membrane, 
■which  extends  over  the 
parts  just  described  so 
that  the  muscles  and 
cartilages  cannot  be  seen 
until  this  membrane  is 
dissected  oflF.  A  little 
above  the  hnie  vocal  chords 
the  mucous  membrane 
forms  a  fold  upon  each 
side,  these  are  called  the 
false  vocal  chords.  Just 
below  them,  upon  each 
side,  there  is  a  cavity, 
termed  a  ventricle. 

Action  of  the  Larynx.  The  true  vocal  chords  are 
the  important  part  of  the  apparatus,  for  it  is  their  vibra- 
tion -whicli  produces  the  voice.  When  they  are  tightly 
stretched  and  near  together,  they  vibrate  more  rapidly, 
and  emit  a  high  tone  ;  but  -when  they  are  less  tense  and 
wider  apart  their  vibrations  are  less  rapid,  and  a  rela- 
tively low  tone  is  the  result. 

The  tightening  and  relaxing  of  the  vocal  chords  is 
accomplished  by  the  muscles  of  the  larynx.  It  will  be 
seen  by  reference  to  figure  77  that  when  the  crico-thyroid 
muscles  {d)  contract,  the  thyroid  cartilage  will  be  drawn 
down  towards  the  cricoid  cartilage ;  the  consequence  of 
this  will  be  that  the  distance  between  the  arytenoid  car- 
tilages and  the  front  of  the  thryoid  cartilage  will  be  in- 
creased, and  the  vocal  chords  will  be  stretched.  At  the 
same  time  they  are  still  further  tightened  by  the  contrac- 
tion of  the  posterior  crico-arytenoid  mtiscles  (fig.  78,  c), 
which  tend  to  draw  the  arytenoid  cartilages  backwards. 


Fig.  78.  The  laryux  dissected  and  viewed 
from  above.  Some  of  tJie  muscles  have  been  re- 
moved from  each  side  for  the  sake  of  distinct- 
ness :  1,  aperture  of  glottis  ;  2,  upper  Itordcr 
of  thyroid  cartilage ;  3,  cricoid  cjvrtilage  ;  4, 
arytenoid  cartilage ;  5,  vocnl  chorda  ;  a,  thyro- 
aryteuoid  muscle ;  t>,  lateral  crico-arytenoid  mus- 
cle ;  c,  posterior  crico-.arytenoid  mtiscle  ;  d, 
jjosterior  arytenoid  muscle  :  e,  posterior  crico- 
arytenoid ligament. 
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When  tlie  vocal  chords  are  to  be  relaxed,  the  muscles 
just  mentioned  cease  to  contract,  and  the  ihijro-ari/le- 
noids  (a)  come  into  play,  drawing  the  thyroid  cartilage  up- 
wards and  backwards ;  the  arytenoid  cartilages  are  also 
to  some  extent  drawn  forwards  by  the  lateral  crico-ary- 
teiioid  mvLsclea  (b).  IhQ  posterior  arytenoid  muscle  {d) 
brings  together  the  arytenoid  cartihiges,  and  so  causes 
the  vocal  chords  to  approach  each  other.  The  lateral 
crico-ari/tenoid  muscles  (h)  also  tend  to  produce  the  same 
effect,  by  partly  rotating  the  arytenoid  cartilages.  The 
posterior  crico-arytenoid  muscles  (c)  cause  the  arytenoid 
cartilages  to  rotate  in  an  opposite  direction,  and  the 
vocal  chords  are  by  this  means  drawn  apart. 

During  ordinary  breatliing  the  vocal  chords  are  widely 
separated. 

The  Voice.  If  the  air  be  driven  out  of  the  lungs  by  an 
act  of  expiration,  when  the  choi'ds  are  in  a  state  of  tension, 
they  vibrate  and  produce  sound.    This  sound  is  called 

the  voice. 

The  different  musical  sounds  produced  in  singing 
depend  upon  the  varying  degree  of  tension  of  the  vocal 
chords.  The  compass  of  the  voice  depends  upon  the 
extent  to  which  the  variations  can  take  place.  A 
practised  singer  can  at  will  give  the  requisite  tension 
for  the  production  of  any  particular  note. 

The  quality  of  a  voice  depends  upon  the  structure 
of  the  larynx.  In  women  and  children  the  lai-ynx  is 
smaller  and  the  vocal  chords  shorter  than  in  men; 
consequently  their  voices  have  a  higher  pitch.  The 
longer  the  chords  and  the  lai'ger  the  larynx,  the  deeper 
the  voice. 

Speech.  Voice  may  exist  without  speech,  as  in  many 
animals.  Speech  is  the  voice  modified  by  the  throat, 
tongue,  and  lips.  In  whispering  the  sounds  are  pro- 
duced by  the  vibration  of  the  lips. 
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Practical  Section. 

Muscular  Contractility.  The  contractility  of  miTscle  when 
stimulated  by  the  motor  nerves  with  which  it  is  supplied,  may  bo 
conveniently  studied  in  the  frog.  Take  a  frog  which  has  just  been 
killed  by  decapitation,  and  destroy  the  spinal  cord  by  passing  a  wire 
down  the  neural  canal,  so  as  to  prevent  reflex  actions.  Lay  the  frog 
with  its  belly  downwards  upon  a  board,  and  with  a  scalpel  make  an 
incision  in  the  skin  along  the  back  of  the  thigh.  By  carefully 
pulling  the  muscles  apart  a  nerve  will  be  seen  which  supplies  the 
large  muscle  of  the  leg.  If  this  nerve  be  galvanized,  the  muscle 
attached  to  the  heel  will  contract,  and  extend  the  foot.  It  is 
better,  however,  to  separate  the  muscle  with  nerve  attached  from 
the  surrounding  parts,  being  cai-eful  not  to  pinch  or  otherwise 
injure  the  nerve.  Tie  one  end  of  the  muscle  to  a  support,  and  to 
the  other  end  attach  a  weight  just  sufficient  to  keej)  the  muscle 
straight.  If  now  the  nerve  be  galvanized,  the  muscle  will  contract 
and  draw  up  the  weight.  This  contraction  takes  place  whenever 
the  galvanic  current  is  completed  or  interrupted,  but  does  not 
continue  while  the  current  is  uninterrupted. 

For  the  microscopic  examination  of  contracting  muscular 
fibres,  see  page  168.  For  amoeboid  and  ciliary  movements,  see 
pages  63  and  159. 

Joints.  The  various  joints  mentioned  in  the  previous  part  of 
this  chapter  may  be  examined  in  the  rabbit.  In  the  first  place  the 
muscles  or  sinews  which  obscure  any  joint  should  be  cleared 
away,  and  the  movements  of  which  it  is  capable  observed.  Then 
the  ligaments  may  be  cut  through,  so  as  to  separate  the  bones  and 
allow  the  articulating  surfaces  to  be  examined. 

The  Larynx.  Having  removed  the  tongue,  with  the  trachea 
attached  to  it,  from  the  head  of  a  rabbit  (p.  85),  the  glottis  and 
vocal  chords  may  be  first  examined.  It  will  be  found  convenient 
to  cut  off  the  greater  part  of  the  trachea  and  by  means  of  pins  to 
fix  upon  a  board  the  parts  about  to  be  examined.  The  loose 
tissues  should  then  be  dissected  oS  the  exterior,  so  as  to  show  the 
cricoid  and  thyroid  cartilages,  and  the  crico -thyroid  muscles. 
To  expose  the  muscles  which  lie  in  the  interior,  one  side  of  the 
cricoid  and  thyroid  cartilages  must  be  cut  away  and  the  mucous 
membrane  lining  the  interior  dissected  off. 
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CHAPTER  XIV. 
PRACTICAL  HISTOLOGY. 

DefinitioB,  etc.  Histology  is  that  branch,  of  anatomy 
which  treats  of  the  minute  structure  of  the  tissues  of  the 
body.  It  has  been  found  necessary  in  previous  chapters 
to  speak  somewhat  in  detail  of  certain  tissues  of  the  body; 
but  little  has  been  said  concerning  their  microscopic 
structure  ;  with  this  the  student  should  now  make  him- 
self familiar.* 

Cells.  At  a  very  eai'ly  stage  of  development,  all  the 
tissues  of  the  body  are  composed  of  small  rounded  par- 
ticles of  a  protein  aceous  substance  called  protojDlasm. 
The  exterior  of  these  particles,  or  cells  as  they  are 
termed,  is  very  often  more  dense  than  the  interior,  and 
forms  a  kind  of  membranous  sac  around  the  more 
fluid  portion.  Within  each  cell  is  a  small  particle, 
or  nucleus,  which  differs  somewhat  from  the  rest  of  the 
cell  substance.  Smaller  particles  still  are  occasionally 
to  be  seen  within  the  nuclei ;  these  are  termed  nucleoli. 
As  life  advances  the  cellular  structure  of  many  tissues 
is  lost  or  obscured,  but  in  others  it  is  retained  through- 
out life. 

Epithelium.  This  is  perhaps  the  simplest  form  of 
tissue  in  the  adult  body.  It  is  composed  of  a  number 
of  nucleated  cells,  the  deeper  layers  of  which  are  con- 
stantly growing,  while  those  upon  the  surface  are  as 
constantly  being  cast  off  or  worn  away. 

Epithelium  is  found  covering  the  walls  of  the  aliment- 
ary canal  and  cavities  of  the  body,  and  also  the  free  sur- 
faces of  the  organs  of  the  body.  It  exists  in  several 
different  forms. 

1.  Sq^iamous  Epithelium.  In  this  kind  of  epithelium 
the  cells  become  flattened  so  as  to  form  scales  as  they 
approach,  the  free  surface. 


*  See  Appendix,  page  174. 
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Fio.  79.  Squamous  epithelium  from  the 
inoutli  (uiagiufied  175  diameters).  {Kolttker.) 


In  the  epithe- 


Tlie  mucous  membrane  of  the  mouth  is  an  example, 
and  its  cells  may  be  easily 
examined.  With  an  ivory 
paper-knife  scrape  the  back 
of  the  tongue  or  the  inside 
of  the  lips  ;  place  the  sub- 
stance thus  obtained  upon  a 
glass  slip ;  cover  it  with  a 
thin  cover-glass  (Appendix 
p.  174),  and  if  necessary  add 
a  drop  of  water.  Examine 
it  with  the  microscope,  and  the  irregularly  formed 
epithelial  cells  will  be  easily  seen.  Allow  a  small 
drop  of  magenta  staining  fluid  (p.  175)  to  run  under  the 
cover-glass,  and  in  a  'short  time  the  nuclei  of  the  cells 
will  become  stained. 

2.  Cylindrical  or  Columnar  TJ'pitlielium. 
Hum  of  some  parts  of  the  body, 
the  surface  cells  are  elongated 
and  arranged  side  by  side,  as 
in  fig.  80.  An  example  of  this 
kind  may  be  found  in  the  villi 
of  the  intestine.  Open  the  small 
intestine  of  a  rabbit,  just  killed, 
and  with  fine  scissors  snip  off 
some  of  the  villi  and  place 
them  with  a  drop  of  salt  solution  (p.  176)  upon 
a  glass  slip ;  cover  with  thin  glass  and  examine  with 
the  microscope  ;  add  magenta  stain,  and  re-examine. 

•3.  Ciliated  JEpitlielium.  In  the  trachea  and  some 
other  parts,  the  free  surfaces  of  the  epithelial  cells  are 
provided  with  minute  hair-like  processes  which,  during 
life,  are  constantly  vibrating.  An  example  of  ciliary 
motion  may  be  readily  obtained.  Open  the  mouth  of  a 
frog,  and  with  the  point  of  a  knife  scrape  the  roof  so 
as  to  obtain  a  minute  portion  of  the  mucous  membrane. 
Place  this  in  salt  solution,  upon  a  slip  of  glass,  cover, 
and  examine  it  with  the  microscope.  The  cilia  move 
very  rapidly  when  quite  fresh,  and  are  therefore  not  easily 


Fio.  80.  Cylindrical  epithelium 
from  a  villus  of  a  rabbit's  intcstino 
(maguilled  300  diameters).  (KOUikcr.) 
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seen,  but  the  currents  wliicli  they  cause  are  readily 
observable. 

A  portion  of  the  gill  of  a  muscle,  ob- 
served in  the  same  way,  aEPords  another 
example  of  ciliary  motion. 

4.  Globular  or  S]pheroidal  Epithelium , 
In  some  glands,  and  certain  other  jDarts, 
the  epithelial  cells  retain  their  globu- 
lar form,  becoming  neither  compressed 
nor  elongated,  and  are  hence  termed 
glohular  or  sioheroidal. 

Examples  are  found  in  the  gastric 
glands  (p.  43). 

Take  out  the  stomach  of  a  cat  or 
dog  recently  killed,  open  it,  and  -Wash 
■with  salt  solution :  cut  out  some  pieces  about  half  an 
inch  square  from  the  larger  end,  and  put  them  in  spirits 
of  wine,  or  chromic  acid  solution  (p.  175).  When  suffi- 
ciently hardened,  take  a  piece,  and  having  dried  the 
surface,  embed  it  in  wax  (p.  176)  with  one  edge  upwards 
for  the  purpose  of  cutting  thin  sections  perpendicular  to 
the  surface. 

Hold  the  wax  in  the  left  hand,  and  with  a  sharp  razor 
cut  off  the  thinnest  possible  slices,  including  both  wax 
and  specimen.  The  razor  should  be  kept  wet  with 
spirits  or  water.  Allow  the  section  to  float  off  the  razor 
into  a  watch-glass  filled  with  water.  When  several  sec- 
tions have  in  this  way  been  cut  and  placed  in  the  watch- 
glass,  pour  away  the  water,  and  replace  it  with  dilute 
carmine  staining  fluid  (p.  175,  no.  2).  Cover  the  glass  by 
inverting  a  wineglass  over  it,  and  leave  it  for  twenty- 
four  hours ;  after  which,  pour  away  the  carmine,  and 
wash  the  sections  with  a  mixtui'e  of  glycerin  and 
water.  Then  place  them  in  glycerin  for  another  twenty- 
four  hours.  Sections  thus  prepared  may  be  placed  upon 
a  glass  slip,  covered  with  thin  glass,  and  examined  with 
the  microscope  ;  and  if  sufficiently  thin,  will  show  the 
glohular  epithelium  of  the  inner  portions  of  the  gasti-ic 
glands  and  the  colupanar  cells  of  their  tubes  (fig.  22). 


Fig.  81.  Olliated  epithe- 
lium from  human  trachea 
(magnified  350  diameters). 
IKolliher.) 
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The  Epidermis.    The  epidermis  is  composed  of  cells 
precisely  similar  to  those  of  squa- 
mous epithelium,  but   the   outer  ^ 
layers  become  much  more  horny,  lift 
and   lose   all   traces  of  nuclei. 
The  structure  o£  the  epidermis 
has    already    been  considered 
(p.  92). 

Nails.  The  nails  are  really 
modifications  of  epidermis.  Under 
them  the  dermis  is  raised  up  into 
numerous  parallel  ridges,  wbich 
are  extremely  vasculai'.  Upon 
these  the  epidermic  cells  are  con- 
stantly growing,  and  as  they  are 
pushed  outwards  by  the  new  cells 
formed  below,  become  flattened 
and  fii-mly  agglutinated.  At  the 
back  (or  root)  of  the  nail  the  skin 
forms  a  fold,  and  within  this 
fresh  epidermic  cells  are  constantly 
being  added  to  the  base  of  the 
nail,  so  that  it  is  always  being- 
pushed  forward,  at  the  same  time 
that  it  is  increased  in  thickness 
by  the  addition  of  cells  from 
below. 

Hair.  Hairs,  like  nails,  are 
epidex'mic  structures.  The  root 
of  eacb  hair  is  sunk  in  a  deep 
depression  of  the  integument, 
called  a  hair  sac  (fig.  82).  At 
the  bottom  of  the  sac  the  dermis 
is  raised  into  a  minute  papilla, 
from  the  surface  of  which  •epi- 
dermic cells  are  developed.  These 
coalesce  and  become  horny ;  atid 
being  thrust  upwards  by  the 
new  cells  developed   below,   form  the 


Fig.  82.  A  hair  in  its  hair-sa:: 
(niaguified  about  50  diameters)  : 
a,  shaft  of  hair  above  the  skill  ;  b, 
curticiil  substance  {tlie  uiedulla, 
wliich  occupies  the  centre  of  this, 
is  not  shown  in  the  lijrure) ;  c, 
cuticle ;  rf,  cavity  of  hair-B.ac ;  o, 
epidermis  of  liair-sac(i'oot  sheiith) ; 
/,  dermis  of  liair-sac  ;  tlie  bulb,  ir, 
is  tlie  newest  portion  of  the  hair, 
growing  upon  the  papilla,  7i ;  i, 
ducts  of  sebaceous  glaluls  ;  k, 
dermis;  7,  epidermis;  its  horny 
layer  }i,  is  seen  passing  asliuit 
disUince  ilitu  the  hair-sac.  {Kul- 
Uker.) 
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hair  which  appeal's  above  the  surface  of  the  skin. 
After  a  ceitaiu  time  a  new  hair  sac  is  forii:ed,  as  a 
kind  of  bud,  from  the  side  of  the  old  one,  and  within 
it  appears  a  new  papilla,  upon  which  a  new  hair 
grows.  The  old  papilla  and  sac  cease  growing,  and 
eventually  die  avi'ay. 

The  shaft  of  a  hair  of  the  head  consists  of  three 
portions:  a  central  pith  or  medullanj  matter;  a  layer 
of  elongated  cells,  termed  the  cortical  substance  (fig. 
82,  &);  and  the  cuticle  (c),  which  consists  of  closely  set, 
overlapping,  horny  scales. 

Into  each  hair  sac,  the  duds  of  two  sebaceous  glands 
usually  open  (i)  ;  these  glands  secrete  an  oily  fluid. 

To  see  the  hairs  in  their  sacs  with  the  sebaceous 
glands,  obtain  a  small  portion  of  skin  from  the  back  of  a 
sheep's  head,  cut  the  hair  off  and  put  the  skin  in  spu'its 
of  Avine.  When  sufficiently  hard,  embed  in  wax  or  lay 
upon  a  slice  of  turnip,  and  with  a  razor  cut  thin  sections. 
Place  them  in  diluted  acetic  acid  for  a  few  minutes,  and 
examine  with  the  mici'oscope. 

Cartilage.  Cartilage  is  a  firm,  elastic,  bluish  or 
white  substance  formed  of  cells,  bat  differing  very  con- 
siderably from  the  tissues 
already  considered.  The 
cells  are  nucleated,  and 
frequently  contain  glo- 
bules of  fat.  They  do  not 
lie  close  together,  but  are 
more  or  less  separated 
from  each  other  by  inter- 
cellular substance,  upon 
which  the  fii'mness  and 
elasticity  of  the  tissue 
depends.  The  growth  of  cartilage  takes  place  by  multi- 
plication of  its  cells.  The  cells  become  constricted,  and 
subsequently  separate  into  two  parts  ;  these  increase  in 
size,  and  intercellular  substance  grows  in  between 
them.    Cartilage  contains  no  vessels. 

Cartilage  is  very  easily  prepared  for  examination  with 


Klu.  83.  A  scct.iuu  fruiu  the  cricoid  ciutiljige 
(inngiiified  about  U^O  Uiiuueier.-.) :  a,  nuitrix  ;  b, 
cjirtiliige  cell;  c,  its  iiucleue;  fat  globule. 
{KOllikcr). 
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the  microscope,  as  it  is  sufficiently  tough  in  its  natural 
coudition  to  be  readily  cut  with  a  razor.  Tliiu  slices 
should  be  prepared  from  that  upon  the  end  of  the 
femur,  from  one  of  the  costal  cartilages,  and  from  the  epi- 
glottis; examine  with  the  microscope  and  compare  them. 

Connective  Tissue.  This  is  more  widely  distributed 
than  any  other  tissue  of  the  body.  It  invests  all  the 
organs,  and  penetrates  between  the  parts  of  which  they 
are  composed.  It  is  the  chief  constituent  of  tendons,  liga- 
ments, the  sclerotic,  etc.  It  has  a  whitish  appearance,  and 
consists  of  wavy  fibres  which  may  by  proper  means  be 
split  up  into  extremely  fine  filaments  or  fibrilte.  Take 
a  very  small  portion  from  one  of  the  tendons  of  the  foot 
of  a  rabbit  or  any  small  animal  re- 
cently dead ;  place  it  upon  a  glass 
slip  with  a  drop  of  salt  solution; 
tear  it  to  pieces  with  needles,  cover 
it  with  thin  glass,  and  examine  with 
the  microscope.  The  fine  wavy 
filaments  will  easily  be  distinguished. 
Allow  a  drop  of  dilute  acetic  acid  to 
run  under  the  cover  glass ;  the 
hlaments  will  swell  and  become 
transparent.  Occasionally  fine  fibres 
of  elastic  tissue  may  be  seen  which 
are  not  aSected  by  the  acid,  and 
also  nuclei  which  belong  to  small 
elongated  cells  called  connective  tissue 
corpuscles. 

Adipose  Tissue.  This  name  is  given  to  those  por- 
tions of  connective  tissue  in  which  collections  of  fat-cells 
ai*e  found.  The  fat-cells  have  a  most  distinct  cell  wall, 
and  are  filled  with  an  oily  or  fatty  fluid.  They  are 
generally  well  surrounded  by  blood  capillaries. 

Elastic  Tissue.  Fibres  of  elastic  tissue  are  very  fre- 
quently found  mixed  with  those  of  connective  tissue,  from 
which  they  differ  in  not  swelling  in  acetic  acid,  and  in 
having  a  tendency  to  curl  up  when  broken  across. 

Take  a  very  sniaM  portion  of  the  ligamentim  nucJun  of 


Fig.  84.  ConuectiVR  tissue 
with  fat  globules  (inagiiitieil 
tibout  ;!30  diiiuieters).  {KOI- 
Uker.) 
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an  ox  (tliis  is  ilic  name  given  to  the  yellow  giistly  sub- 
stance found  at  the  back  of  the  neck  between  the  spines 


Fig.  85.  Fig.  86. 

Fio.  85.    Elastic  fibres  from  the  ligament  between  the  Epines  cl  ihe  vertcbiie  (magnified 
about  200  diameters).  {.Uarshatl.) 
Flu,  86.   Elastic  tissue  from  an  artery  (magnified  about  200  diameters)  lEoUiker.) 

of  the  vertebraa),  tease  it  out  ■with  needles  upon  a  slip 
of  glass,  in  salt  solution ;  cover  and  examine.  Then 
add  dilute  acetic  acid,  and  compare  the  effect  with  that 
produced  upon  connective  tissue. 

Bone.  If  one  of  the  long  bones,  such  as  the  femur, 
be  cut  longitudinally,  it  will  be  seen  that  its  ends  are 
soft  and  spongy  (cancellated),  while  the  shaft  is  hai'd 


Fig.  87.  Fig.  88. 

Fio.  87.  Transverse  section  of  bone  (magnifled  about  100  di.^meters).  sliowiiis  i«rts  of 
three  Haversian  sy.stcius :  n,  H.avcisian  canals:  the  irregular  d.-irk  spots  arranged  arouuo 
tnese  aie  the  laci.ni.'e.  and  the  fine  lines  passing  from  these  are  the  can.aliculi.    {Marshall )  _ 

Fio.  SB.  LrmjitiuUnal  section  of  bone  (inncntfied  about  70  diameters),  references  as  in 
flg.  37.  {liOUiker.) 

and  compact,  and  lias  a  central  cavity,  which  in  the 
fresh  state  contains  the  marrow,  or  medulla.    Bone  con- 
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sists  of  a  basis  of  animal  matter,  in  vihich  'pliosi'tliate  and 
carhoiiate  of  lime  are  deposited,  and  ifc  is  these  earthy 
matters  which  give  to  it  its  pecuh'ar  hardness.  Take 
the  femur  of  a  rabbit,  and  with  a  fine  saw  cut  it  across. 
From  one  of  the  cut  surfaces  saw  off  as  thin  a  slice  as 
possible  ;  rub  both  sides  of  this  with  the  finger  or  a  piece 
of  cork  upon  a  flattened  piece  of  pumice  stone,  until  it  is 
considerably  reduced  in  thickness,  keeping  it  constantly 
wet  with  water.  Then  rub  it  in  the  same  way  upon  a 
hone  until  sufficiently  transparent  for  examination  with 
the  microscope.  Wash  it  well  with  a  camel's  hair 
brush  ;  put  it  on  a  glass  slip  with  a  drop  of  water,  and 
cover  it  with  thin  glass.  In  such  a 
section  it  will  be  seen  that  the  bono 
is  dotted  with  small  spots  or  holes. 
These  are  the  bloodvessels  which 
supply  the  bone  with  nutriment, 
and  are  called  Haversian  canals 
(fig.  87,  a).  Round  these  the  bony 
matter  will  be  seen  to  be  arranged 
more  or  less  distinctly  in  layers, 
or  lamelloe.  Each  Haversian  canal, 
with  the  bony  lamellae  surround- 
ing it,  is  termed  a  Haversian 
system. 

It  will  be  further  seen  that  there 
are  numbers  of  veiy  small,  dark, 
irregularly  shaped  dots,  arranged  in  circles  around 
the  Haversian  canals.  These  are  known  as  lacuna; 
and  the  extremely  minute  lines  which  pass  off  from 
the  lacunae  are  termed  canaliculi ;  they  are  really  fine 
tubes  connecting  the  lacunae  with  each  other. 

In  dried  bones,  the  lacunae  are  minute  cavities  which 
being  filled  with  air,  so  reflect  the  light  as  to  make 
them  appear  black  when  examined  with  the  microscope. 

A  section  should  now  be  made  of  the  same  bone,  in  a 
longitudinal  direction.  The  Haversian  canals  will  be 
seen  running  more  or  less  in  the  direction  of  the  length 
of  the  bone,  and  giving  off  branches  which  Qommunicate 


Fio.  89.  Bone  laounro  nnti 
canaliculi  (magnified  about  25U 
(iiamoters).  {KOlliker.) 
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with  neighbouring  canals.  The  lacunas  and  canaliculi 
will  be  seen  scattered  through  the  substance  of  the  bone 
between  the  Haversian  canals  (fig.  88). 

All  bones  are  ensheathed  in  a  tough  layer  of  con- 
nective tissue,  termed  the  locriosteum. 

There  is  a  time  in  the  life  of  an  animal  when  the  body  is 
without  bone,  the  positions  and  forms  of  the  future  bones 
being  indicated  either  hj cartilage  or  connective  tissue;  and 
it  is  by  the  deposition  of  calcareous  salts  within  these 
tissues  that  the  bone  is  formed.  This  ossification  does 
not  take  place  throughout  the  tissue  at  the  same  time, 
but  commences  at  one  or  more  jioints,  from  which  it  ex- 
tends to  the  rest  of  the  tissue.  For 
example,  the  femur,  and  the  humerus 
have  each  three  chief  points,  one  for  the 
shaft  and  one  for  each  end,  and  these 
do  not  unite  until  the  animal  is  approach- 
ing maturity. 

Teeth. — The  teeth,  like  the  bones,  con- 
sist of  animal  matters  impregnated  with 
2)hosj]hate  and  carhonaie  of  lime  (p.  38). 

They  are  composed  of  three  different 
substances,  viz. : — 

1.  Enamel,  which  covers  the  crown  of 
the  tooth  (figs.  90,  92),  and  is  the  hardest 
substance  found  in  the  body.  It  does 
not  contain  more  than  two  per  cent,  of 
animal  matter. 

2.  Dentine,  which  forms  the  chief  part 
of  the  tooth. 

3.  Cement,  which  is  a  deposit  of  true 
bony  matter  around  the  fangs. 

To  see  the  arrangement  of  these  sub- 
stances and  their  microscopic  characters, 
a  section  of  a  tooth  should  be  made. 
One  of  the  incisors  of 
swer  very  well,  and 
prepared  in  the  same 
bone,    Tbe  hardness  of  the  enamel 


Fig.  90.  Incisor 
tooth,  longitudinal 
section:  a,  tlie  enamel 
extending  over  the 
cvown  ;  b,  dentine 
sliowing  the  tubule-*  ; 
c,  the  couieut pulp 
cavity. 


a  slieep  will  au- 
sections  may  be 
■way  as  those  of 
renders  it  some- 
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upper  part  of  the 
it  aijproaclies  the 


what  difficult  to  cut  with  a  saw,  but  it  can  be  reduced 
in  thickness  by  means  of  a  grindstone,  or  by  rubbing 
upon  a  flat  stone  with  emery  powder. 

When  a  longitudinal  section  of  a  tooth  is  examined 
with  the  microscope,  the  greater  part  of  it  is  seen  to 
be  composed  of  a  material  in  which  a  great  number  of 
very  fine  wavy  lines  may  be  traced,  running  from  the 
cavity  existing  in  the  middle  of  the  tooth,  towards  the 
exterior.  This  material  is  the  dentine,  and  the  fine  lines 
are  tei'med  dentinal  tiilmles. 

The  enamel  forms  a  layer  over  the 
tooth,  and  gradually  thins  away  as 
neck.  It  consists  of 
a  great  number  of 
fine  six-sided  fibres 
of  extremely  hard 
substance,  set  side 
by  side  perpendicu- 
larly to  the  surface 
of  the  dentine. 

The  cement,  which 
serves  to  keep  the  tooth  firm  in  its  socket,  may  be 
seen  as  a  thin  layer  of  bone  upon  the  fang,  and  in  it 
tiTie  lacunae  with  their  canaliculi  are  visible. 

The  cavity  of  the  tooth  is  in  the 
fresh  condition  occupied  by  a  tissue 
richly  supphed  with  bloodvessels 
and  nerves,  which  is  termed  the 
dental  jndio.  The  vessels  and  nerves 
enter  the  jjwZp  cavitij  by  an  aperture 
at  the  end  of  the  fang. 

Striped  Muscle.  Striped  mus- 
cular fibres  are  so  called  on  account 
of  the  peculiar  transverse  striations 
which  they  exhibit  when  viewed 
with  the  microscope. 

In  addition  to  the  sheath  of 
connective  tissue  by  which  the 
fibres  of  a  muscle  are  all  bound  together,  each  fibre 


Fia.  91.  A  section  of  portion  of  tooth  at  the  junction 
of  dentine  and  cement  (inagnifted  about  17.'5  diaineters} ; 
a.  dentinal  tubules  ending  in  irregular  spaces;  6, 
cement,    ahowiug    one   lacuna  ■\vitii  its  canaliouli. 


Fio, 
prism 


fibres  or 
350  dia- 


93.  Enamel 
(magnified 
meters) :  a,  view  of  the  sur- 
face, showing  the  ends  of  tlie 
fibres;  h,  fibres  isolated  by- 
treatment  with  hydrocliloriG 
acid.  {KiiUikur.) 
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has  a  special  slieatli  of  sti'uctureless  membrane,  termed  tlio 
RCircolemma  (fig.  94).  The  muscular  fibres  of  the  heart 
are  of  the  striated  kind,  but  have  no  sarcolerama. 

Besides  the  iransverse  markings,  the  fibres  may  bo 
seen  with  the  microscoj^e  to  have  a  more  or  less  dis- 
tinct longitudinal  striation,  and  by  careful  manipulation 
some  of  the  fibres  may  be  made  to  split  up  into  very 
nnich  finer  filaments,  or  fihrillce,  (fig.  93). 

Muscular  fibres,  when  treated  with  dilute  hydrochloric 
acid,  liave  a  tendency  to  break  across  in  the  direction 
of  the  transverse  markings,  and  in 
this  way  to  form  discs. 

The  muscular  fibres  and  their 
transverse  striation  may  be  easily 
seen.  Take  a  very  small  portion 
of  muscle  which  has  been  boiled  (a 
piece  of  beef  or  mutton)  ;  tease  it 
out  with  needles  in  a  drop  of  water 
upon  a  glass  slip;  cover  with  thin 
glass,  and  examine  with  the  micro- 
scope. Careful  pressing  upon  the 
cover  glass  will  sometimes  cause  the 
fibres  to  break  ujo  into  their  fibril]^. 

To  see  the  sarcolemma,  a  piece  of 
fresh,  frog's  muscle  may  be  teased  out 
in  salt  solution ;  or  a  small  piece 
may  be  pulled  apart  with  forceps  so  as  to  break  the 
fibres  across  :  examine  as  before.  In  this  way  the  sai-- 
Golemma  may  be  seen  in  some  cases  as  a  delicate  mem- 
brane projecting  beyond  the  fibre. 

The  contractions  of  muscular  fibres  may  be  well 
g  observed  by  cuttiug  open  the 

leg  of  a  large  water  beetle, 
and  with  fiue  scissors  snip- 
jjing  ofi'  a  few  fibres.  These 
should  be  placed  at  once  in 
salt  solution,  covered  with  thin 
glass  (iiot  incssecT),  and  ex- 
amined with  the  microscope. 


Fio.  93.  A  buiidlo  ot 
transversely  Btriiited  raus- 
cuLir  fibres  (niagi\ified  fil)Out 
150  diameters)  :  i/,  end  view 
of  cut  sxirfiLce ;  b,  a  single 
fibre  l.'re.akiiig  up  into  its 
flbrillffi.  {quain.) 


Fici.  04.  A  muscular  fibre  mptured,  to 
eliow  tlie  sarcolennna  c  (uiaguified  iibout 
800  diiuiietersj.  (ijuai'ii.) 
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TJnstriped  Muscles.     Unstriped  or  smooth  muscles, 
are  composed  of  elongated,  more  or  less  spindle-shaped, 
cells  or  fibres  (fig.  96)  ;  each  cell  having  an  elongated 
rod-like  nucleus  {a).    The  fibres  are  bound  together  into 
bundles  by  connective  tissue,  but  have  no  sarcolemma. 

The  smooth  muscular  fibres  are  somewhat  moi'e 
troublesome  to  demonstrate  than  the  striated.  The 
easiest  process  is  pei-haps  to  take  a  portion  of  the 
bladder  of  a  fi'og,  lay  it  in  a  solution  (one  or  two 
per  cent.)  of  acetic  acid  for  a  few  minutes ;  wash  the 
surfaces  carefnllj  Avith  a  camel's  hair  brush,  place  in 


Fig.  95.  Fig.  98. 

Fia.  95.   TJnstriped  muscular  fibres  from  the  Watlder  (mngnifietl  250  diameters).  (Qiiain.) 
Fio.  9G.   Uiistriped  fibres  from  an  artei'y  (magnified  350  diameters) ;  tlie  ligliter  ones  have 
been  treated  witli  acetic  acid  to  sliow  the  nuclei  a.  {<lualn). 


vrater,  and  examine  with  microscope.  The  muscles  will 
be  seen  forming  a  kind  of  network,  and  the  fibres  or 
cells  will  also  be  distinguishable. 

Glands.  The  Liver.  The  structure  of  this  gland  has 
already  been  described  (p.  46).  The  distrilDution  of 
the  capillaries  can  only  be  seen  in  sections  of  specimens 
which  have  been  carefully  injected  with  some  coloured 
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fluid.  The  cells  of  the  lobules  may  be  seen  by  making 
thin  sections  of  a  rabbit's  liver.  Small  pieces  are  placed 
for  a  few  days  (about  four)  in  a  solution  of  bichromate 
of  jootash  (bichromate  of  potash,  1  part;  water,  100  parts), 
then  in  spirits  of  wine  for  two  days.  Embed  in  wax,  and 
cut  sections  (p.  176);  stain  with  carmine  solution  (No.  2, 
p.  175),  and  examine  in  glycerin. 

The  Kidney.  In  order  to  see  the  Malpighian  tufts 
and  other  bloodvessels,  the  kidney  must  be  injected ; 
much,  however,  of  the  structure  of  this  organ  may  be 
made  out  by  other  means.  Take  a  fresh  kidney,  and 
cut  some  transverse  slices  as  thin  as  possible  with  a 
razor ;  lay  them  in  a  solution  of  bichromate  of  potash 
(see  above)  for  a  week ;  then  tease  out  a  portion  with 
needles;  wash  in  water  ;  stain  with  carmine  (24 hours), 
and  examine  in  glycerin. 

Gastric  Glands.    See  pages  42  and  160. 

Meibomian  Glands.  These  may  be  observed  by  making 
transverse  sections  of  the  eyelid  of  a  sheep.  Prepare  in 
the  same  manner  as  sections  of  skin  (page  162). 

Nervous  Tissue.  There  are,  as  we  have  already 
seen  (p.  98),  two  kinds  of  nervous  tissue,  the  norvn- 
fibres  and  the  ganglionic  corjmscles. 

Nerve-fibres,  when  ex- 
amined in  a  perfectly 
fresh  condition  appear 
as  transparent,  sub- 
cylindrical,  oily-looking 
filaments.  Very  soon 
after  death,  ordinary 
nerves  undergo  a  pecu- 
liar change,  which 
enables  us  to  see  that 
each  nerve-fibre  con- 
sists of  a  central  por- 
tion, termed  the  a.i'i's- 

Fio.  97.   Nerre  llbres  (nuspilfied  .T'O  (li.imetorE)  :  Cylinder  (fig.  97,  a),  COn- 

1,  2,  3,  fibres  of  diirerent  sizes,  in  tlieir  natural  foinorl       in       1  rlpllpnfp 

comlition  ;  4,  5.  fibres  sliowing  the  axis  cylinder,  tcUneU      JU      U,  ueill^aLt. 

a,  projecting  beyond,  b,  the  sbeatli  and  its  coagu-  mpi-nln.nnnn<J  Qhpai.ll  A 

lated contents.   {KSimer.)  mCUlUlcinoUb  isuetttu.  .a. 
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space,  however,  exists  between  the  slieath  aud  axis, 
tilled  with  an  oily  fluid,  known  as  the  medulla.  Shortly 
after  death,  solid  raatter  is  deposited  from  this  fluid  upon 
the  sides  of  the  tube,  and  it  is  this  change  which  en- 
ables us  to  distinguish  the  different  parts  of  the  fibre. 

The  axis- cylinder  is,  at  least  in  some  instances,  com- 
posed of  extremely  delicate  filaments,  which  have  been 
called  iwimilive  fibrils. 

Most  of  the  nerve-fibres  of  the  sympathetic  system, 
the  olfactory  nerves,  and  the  finer  terminal  portions  of 
many  cerebro-spinal  nerves  appear  to  have  no  medulla ; 
such  nerve-fibres  are  therefore  known  as  no)i-medullated 
nervefibres,  while  those  having  the  structure  described 
above  are  termed  meduUated  nerve-fibres. 

In  the  larger  nerves  the  fibres  are  bound  together  and 
surrounded  by  a  sheath  of  connective  tissue,  called  the 
neurilemma. 

The  medulla  and  axis  cylinder  may  be  seen  by  teasing 
out  with  needles  a  portion  of  a  large  nerve  of  a  frog, 
in  salt  solution,  and  examining  with  the  microscope. 

Ganglionic  Corpuscles,  These  are  more  or  less 
spheroidal  or  stellate  bodies,  composed  of  translucent 
finely  granular  matter  (fig.  98). 
Within  this  substance  is  a  clear 
round  space,  the  nucleus,  which 
contains  a  much  smaller  spot, 
the  nucleolus.  One  or  more 
processes  are  given  off"  from 
each  corpuscle,  which,  in  some 
instances,  are  connected  with 
nerve-fibres,  and  in  others  join 
similar  processes  from  other 
ganglia.  Ganglionic  corpuscles 
are  found  in  the  brain,  the  spinal 
cord,  the  ganglia  of  the  posterior 
roots  of  the  spinal  nerves,  the 
.sympathetic  ganglia,  and  also  in 
some  of  the  sensory  organs. 
Preparations  of  them  may  be 


9B. 

(magnified  17 


Pia. 


A  ganglionic  corpuscle 
17ii  diiinieters)  from  the 
grey  matter  of  the  spinal  cord,  show- 
ing at  a,  the  nucleus  and  nucleolus. 
{KtillHier.) 

made  by  taking  one 
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of  the  ganglia  from  the  posterior  root  of  a  spinal 
nerve  of  a  recently  killed  frog,  and  teasing  it  out 
carefully  with  needles  in  salt  solution.  Examine  with 
microscope,  and  afterwards  add  magenta  or  carmine 
solution,  and  examine  again.  A  portion  of  the  grey 
matter  of  the  spinal  cord  of  an  ox  or  calf  which  has 
been  hardened  in  bichromate  of  potash  may  be  treated 
in  the  same  way. 

Preparation  of  Sections  of  the  Spinal  Cord.  For 
this  purpose  the  tissue  must  be  perfectly  fresh.  Haying 
carefully  removed  a  portion  of  the  spinal  cord  (say  from 
the  cervical  region  of  a  cat  just  killed),  cut  it  in  pieces 
about  half-an-inch  long  and  place  them  in  spirits  of 
wine  for  twenty-four  hours,  and  then  in  the  solution  for 
hardening  nerve  tissue  (p.  175.  No.  4),  diluted  with  an 
equal  quantity  of  water.  After  a  v/eek  or  ten  day.'?, 
place  them  in  some  fresh  solution  of  full  strength,  and 
allow  them  to  remain  about  six  weeks.  Try  if  suffici- 
ently hardened,  by  cutting  a  piece  across  with  a  razor, 
(it  should  have  the  consistency  of  a  piece  of  cheese 
quite  to  its  centre).  If  this  is  the  case,  embed  the  piece 
in  wax,  and  cut  very  thin  transverse  sections,  keeping 
the  razor  wet  with  spirit. 

The  sections  may  be  floated  off  the  razor  into  a  glass 
of  water,  and  then  witli  a  camel's-hair  brush  be  removed 
to  a  watchglass  full  of  water.  Pour  off  the  watei',  and 
add  strong  carmine  solution  (No.  3)  ;  cover  with  a 
wineglass  and  allow  it  to  stand  for  twelve  to  twenty- 
four  hours.  Better  results  are  sometimes  obtained  by 
using  the  carmine  solution  (No.  2),  and  allowing  the  sec- 
tions to  lie  in  it  for  a  longer  time.  ]?our  away  the  carmine, 
wash  quickly  with  water  ;  or,  if  this  is  found  to  remove  too 
much  colour,  with  spirit  and  water.  Cover  the  sections 
with  spirits  of  wine,  and  leave  them  for  a  few  hours. 
The  thinner  the  sections,  the  less  time  will  it  be 
necessary  for  them  to  remain  in.  the  spii'it.  One  of  the 
sections  should  now  be  placed  iipon  a  glass  slip,  the 
spirit  drained  away,  and  a  drop  or  two  of  ahsoliite 
alcohol  pvit  upon  it.    After  two  or  three  minutes  drain 
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away  the  alcohol,  watch  until  tho  spirit  has  evaporated 
and  the  section  is  nearly  dry  (it  must  not  be  quite  dry, 
bat  sodden)  ;  then  place  a  drop  of  turpentine  by  tho 
side  of  the  section  and  allow  it  to  run  iiuderneath  it. 
This  drives  off  the  remainder  of  the  alcohol,  and  makes 
the  section  transpai-ent.  A  drop  of  Canada  balsam 
(p.  17G)  should  now  be  allowed  to  fall  upon  the  object, 
and  a  thin  cover  glass,  well  cleaned,  placed  over  and 
gently  pressed  down,  the  excess  of  balsam  being 
sqiieezed  out  at  the  edges.  Use  as  little  balsam  as 
possible,  and  be  careful  to  exclude  air  bubbles. 

In  such  a  section  it  is  possible  to  see  the  distinction 
between  the  white  and  the  grey  portions  (p.  99),  the 
central  canal,  the  anterior  and  posterior  fissures,  the 
anterior  and  posterior  cornua  of  the  grey  matter,  the 
exit  of  the  spinal  nerve  fibres,  the  ganglionic  corpuscles 
of  the  grey  matter  with  their  nuclei ;  and  the  longitudi- 
nal fibres,  which,  having  been  cut  across,  appear  as  small 
red  dots  surrounded  by  a  clear  space.  Kgure  47  was 
drawn  from  a  section  prepared  as  here  directed. 

Preparation  of  Sections  of  the  Retina.  The  eye 
of  a  pig,  sheep,  or  frog  will  answer  for  this  purpose. 
The  rods  and  cones  being  much  larger  in  the  frog  are 
more  easily  made  out.  The  eye,  which  must  be  taken 
from  the  animal  directly  it  is  killed,  should  have  the 
sclerotic  pierced  with  holes  (p.  143)  and  be  placed  in 
Milller's  fluid  (No.  5,  p.  176)  for  three  weeks.  Cut  the 
eye  in  half  transversely,  and  with  care  remove  the 
retina.  If  the  choroid  adheres,  do  not  attempt  to  sepa- 
rate it  from  the  retina.  Place  in  dilute  spirit  for  three 
or  four  days.  Embed  in  wax  (p.  176)  so  as  to  cut  sec- 
tions perpendicular  to  the  surface  (p.  131).  The  razor 
must  be  kept  well  wetted  with  spirit  or  water,  and 
great  care  will  be  necessary  in  removing  the  section 
from  the  razor  to  a  glass  slip.  The  sections  should  be 
floated  off  the  razor.  It  is  sometimes  possible  when  small 
portions  adhere  to  the  wax,  to  lift  them  both  together  on 
to  the  glass  slip. 

"When  the  section,  which  should  be  extremely  thin, 
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lias  been  placed  upon  the  glass,  put  a  drop  of  eavmine 
fluid  (No.  2,  p.  175)  upon  it,  and  cover  witli  a  watcli- 
glass  for  from  fifteen  to  tliii-ty  minutes  ;  tlien  add  water, 
and  allow  tbe  Avater  to  run  off.  Repeat  tliis  until  the 
carmine  is  cleared  away,  taking  care  that  the  section 
itself  does  not  float  off.  Add  a  few  drops  of  spirits  of 
wine  for  five  or  ten  minutes ;  then  treat  with  absolute 
alcohol,  and  proceed  as  directed  for  spinal  cord  sections 
(p.  172). 


APPENDIX. 

Instruments  required  for  Dissections.  A  kuife,  scissors, 
forceps,  and  cutting  nippers  will  be  required  to  perform  the  dis- 
sections which  have  been  proposed.  The  knife  should  be  one 
of  those  usually  made  for  this  purpose,  and  of  a  medium  size ; 
the  form  is  not  of  much  consequence  so  long  as  it  cuts  well. 
The  scissors  should  have  both  blades  pointed.  The  forceps 
should  be  of  steel,  and  have  the  points  roughened  so  as  to  hold 
firmly.  The  cuttiiifi  nippers  should  be  pointed,  and  have  the  jaws 
set  obliquely,  as  they  are  more  convenient  to  use.  All  these 
instruments  are  to  be  obtained  at  any  surgical  instrument  makers, 
and  at  most  good  tool  shops. 

Instruments,  etc.,  requiredfor  Histological  Work.  1.  Micro- 
scope. A  microscope  is  the  most  important  instrument  required 
for  histological  work,  but  it  is  at  the  same  time  the  most  expen- 
sive. Even  a  brief  description  of  a  microscope,  and  the  method 
of  using  it,  would  require  more  space  than  the  limits  of  this 
work  will  allow ;  but  it  may  be  well  just  to  say  that  in  order  to  be 
serviceable,  the  instrument  should  have  a  good  firm  stand ;  the 
motions  for  focussing  should  be  smooth  and  steady ;  and  above  all 
the  lenses  should  be  good.  For  our  present  purpose,  it  should 
have  at  least  two  good  object  glasses,  one  magnifjing  about  50 
diameters,  and  another  giving  an  enlargement  of  from  250  to  300 
diameters. 

2.  Glass  slips,  cover-glasses,  and  watch-glasses.  Ail  these  may  be 
obtained  at  any  of  the  microscope  manufacturers.  The  glass 
slips  are  usually  made  three  inches  long  and  an  inch  wide,  and  it 
is  found  convenient  to  use  this  one  size.  The  thin  glass  used  for 
covering  objects  is  commonly  about  ^^Jg  of  an  inch  thick,  and 
miy  be  obtained  cut  in  squares  or  circles  of  various  sizes.    A  few 
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watch-glasses  will  be  found  very  convenient  for  placing  specimens 
in  wLile  staining,  and  for  many  other  purposes. 

3.  Razor.  For  cutting  sections  of  tissues,  a  razor  is  admirably 
adapted.  Those  sold  as  the  s/ti;/t«.7  «;•»()/ ivuor,  answer  the  pur- 
pose well.  It  nlust  be  remembered  that  in  order  to  cut  thin 
sections,  the  razor  must  be  extremely  sharp,  and  should  therefore 
be  carefully  used,  and  occasionally  sharpened  on  a  s/cop. 

4.  Needles.  These  may  be  purchased  mounted  in  handles,  but 
ordinary  sewing  needles  stuck  in  strips  of  firewood  about  the 
thickness  of  penholders,  answer  the  purpose  quite  as  well.  To 
fix  the  needle  in  the  wood,  hold  the  needle  with  plyers,  and  force  the 
point  into  the  end  of  the  strip  of  wood ;  withdraw  the  point,  and 
reversing  the  needle,  push  the  opposite  end  into  the  hole  which 
has  been  made.  Needles  mounted  in  this  way  are  required  for 
pulUng  to  pieces  (teasing  out)  various  tissues. 

Staining  Solutions.  Some  parts  of  tissues,  such  as  nuclei, 
etc. ,  are  much  more  deeply  stained  by  these  fluids  than  others, 
and  are  thus  rendered  more  distinct. 

1.  Blagenta  Solution.  One  grain  of  crystallized  magenta  dis- 
solved in  50  grains  of  absolute  alcohol,  add  about  an  ounce  of 
distilled  water.  This  is  a  powerful  stain,  and  tints  some  tissues 
rapidly. 

2.  Carmine  Solution  (Beale's).  Dissolve  five  grains  of  carmine 
in  fifteen  grains  of  strong  ammonia,  add  one  ounce  of  distilled 
water,  filter  through  blotting  paper,  and  add  one  ounce  of  gly- 
cerin and  a  quarter  ounce  of  spirits  of  wine.  Allow  this  to  stand 
uncovered  until  the  smell  of  ammonia  has  almost  disappeared. 

This  solution  is  much  used  for  staining  tissues. 

3.  Carmine  Solution  for  nerve  tissues.  Dissolve  five  grains  of 
carmine  in  250  grains  of  strongest  ammonia,  add  50  grains 
of  glycerin. 

This  solution  is  used  for  staining  sections  of  spinal  cord  or 
brain. 

Fluids  for  Hardening  Tissues.  1.  S2nrits  of  Wine.  For  all 
ordinary  purposes  the  methylated  spirit  is  used,  it  being  very 
much  cheaper  than  pure  spirits  of  wine,  and  serving  just  as  weil 
to  harden  tissues. 

2.  Absolute  Alcohol.  This  is  rarely  used  for  hardening  tissues, 
but  is  of  great  service  in  freeing  sections  of  tissues  from  water 
when  they  are  to  be  mounted  in  Canada  balsam  (p.  172). 

8.  Cliromic  Acid  Solution.  Chromic  acid  solution  is  now  fre- 
quently used  in  preference  to  spirits  of  wine  for  hardening  some 
tissues.  One  part  by  weight  of  crystals  of  chromic  acid  dissolved 
in  400  parts  of  water  is  strong  enough  for  all  ordinary  purposes. 
This  solution  does  not  penetrate  so  quickly  as  spkit.  A  large 
quantity  of  the  fluid  should  be  used. 

4.  Solution  for  hardeninp  verve  tissues.  Chromic  acid,  one 
pai-t ;  bichromate  of  potash,  two  parts ;  water,  600  parts.  This 
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is  used  for  brain  and  spinal  cord ;  it  should  be  first  used  diluted 
with  an  equal  quantitj'  of  water  (p.  172). 

5.  Mi'dlefs  Fluid.  2^  parts  of  bichromate  of  potash,  and  one 
part  of  sulphate  of  soda,  dissolved  in  100  parts  of  water.  This  is 
used  for  hardening  the  parts  of  the  eyo  (pp.  143  and  173). 

Salt  Solution.  When  it  is  desired  to  examine  certain  tissues 
in  their  fresh  condition  it  is  necessary  to  do  so  in  some  fluid 
which  docs  not  alter  them.  The  most  convenient  fluid  for  this 
purpose  is  made  by  dissolving  one  part  by  weight  of  common 
table  salt  in  130  parts  of  distilled  water. 

Method  of  Embedding  Tissue  in  Wax.  When  it  is  required 
to  cut  sections  of  any  tissue  which  cannot  be  held  conveniently  in 
the  hand,  it  is  often  advantageous  to  embed  them  in  wax.  Five 
parts  of  paraffin  icax  mixed  with  about  one  to  two  parts  of  lard, 
or  white  bees-wax  and  olive  oil,  mixed  in  equal  quantities,  are 
used  for  this  purpose. 

To  embed  the  tissue  :  make  a  mould  by  bending  up  a  piece  of 
stiff  paper ;  a  pill  box  will  answer  the  purpose.  Dry  the  tissue  by 
placing  it  in  spirit  for  a  short  time,  and  allow  it  to  stand  until  the 
spirit  has  evaporated  from  the  surface.  Place  it  in  the  mould  and 
pour  round  it  the  wax  (which  should  not  be  hotter  than  is  neces- 
sary just  to  make  it  fluid).  When  the  wax  is  cold  it  may  be  taken 
out  of  the  mould  and  the  sections  cut  (pp.  160,  172,  etc.). 

Canada  Balsam  for  mounting  Sections,  etc.  Canada  balsam 
as  purchased  at  the  chemist's  does  not  do  weU  for  mounting  his- 
tological preparations.  It  should  first  be  allowed  to  stand  in  a 
warm  place  until  quite  hard  and  brittle,  and  then  be  redissolved 
with  benzole.  It  should  be  made  sufficiently  fluid  to  drop  readily 
from  a  glass  rod. 

Fluid  balsam  similar  to  this,  or  dammar  fluid,  which  is  used 
for  the  same  purpose,  may  be  obtained  from  the  microscope 
makers. 
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Abdomen,  3. 
Absorption,  52. 
Acetabulum,  7,  11. 
Acini,  47. 

Acromion  process,  3. 
Adipose  tissue,  1G3. 
Air,  83. 

Albumen,  29,  31,  53. 
Alveoli,  38. 

Amoeboid  movements,  115. 
Ampulla,  123. 
Amyloids,  31. 
Anal  aperture,  46. 
Anatomy,  1. 
Anterior  pyramids,  106. 
Anvil,  132. 
Aorta,  15. 

Aqueous  humosr,  129. 
Arachnoid,  20. 
Arbor  vitte,  106. 

Arteries,  coronarj',  6G  ;  carotid,  15  ; 

hepatic,   47 ;      pulmonary,    15  ; 

splenic,  91 ;  iliac,  IS ;  subclavian, 

15 ;  systemic,  61. 
Arytenoids,  154. 
Arterial  blood,  47. 
.\sphyxia,  84. 
Astragalus,  1 2. 
Auricles,  16,  66. 

Bicuspids,  38. 

BOe,  18,  49. 

Biliary  duct,  18.  . 

Biology,  1. 

Bladder,  18,  97. 

Blindness,  136, 

Blind  spot,  131,  135. 

Blood,  55  ;  arterial,  56  ;  corpuscles, 

55  ;     crystals,   60  j     gases,  60; 

venous,  47. 
Bloodvessels,  18. 
Blushing,  71. 
Bone,  164. 
Brain,  19,  105. 
Bronchi,  16,  77. 
Bronchial  tubes,  78. 
Briinner's  glands,  46. 
Buffy  coat.  The,  67. 

Caecum,  13. 
Calcaneum,  12. 
Calyces  of  kidney,  91. 
Canaliculi  of  bono,  105. 
Capillaries,  pulmonary,  66;  sys- 
temic, 64 ;  lymphatic,  74. 
Carpus,  11. 

Cardiac  end  of  stomach,  16,  41; 

orifice,  42. 
Cartilage,  162;   costal,  6;  cricoid, 

154;  thyroid,  154. 


Caruncle,  140. 
Casein,  30. 

Cavity  of  the  skull,  10. 

Cells,  nucleated,  47  ;  hepatic,  1",  19. 

Centrum,  6. 

Cerebellum,  20,  106. 

Cerebral  hemispheres,  19,  105. 

Cervical  vertebra?,  5. 

Chiasma  of  optic  nerves,  100. 

Cholesterin,  31. 

Chord®  tendinere,  G7. 

Chords,  vocal,  154;  I'alee  vocal,  lo5  ; 

true  vocal,  155. 
Choroid,  123,  129. 
Chyle,  75. 
Chyme,  41. 
Cilia,  145. 

Ciliary  processes,  120;  movements, 

145 ;  muscles,  130. 
Circulation,  20,64;  pulmonary,  65; 

systemic,  64.  . 
Circumduction,  lo3. 
Clavicle,  8. 
Clot,  56. 
Coagulation.  56. 
Coccyx,  6. 
(j'ochlea,  124. 
Collar  bone,  8. 
Colon,  18,  46. 
ColtmmsB  oaiTieoe,  67. 
Columnar  epithelium,  42. 
Columns  of  spinal  cord,  100. 
Commissures,  108. 
Condyles,  12. 
Cones,  131,  135. 
Connective  tissue,  163. 
Coi-nea,  129. 

Comua  of  spinal  cord,  100. 
Corpora  alliicantia,  106 ;  striata, 

107 ;  quadrigemina,  107. 
Corpus  callosum,  108. 
Corticle  substance  of  hair,  162. 
Corpuscles,  57  ;     red  blood,  63  ; 

splenic,  91 ;  tactile,  94, 114;  whits 

blood,  59. 
Costal  cartilages,  6. 
Coughing,  82. 
Cranium,  3,  8. 
Crassamentum,  56. 
Crico-thyroid  muscle,  151. 
Cribrifox-m  plate,  113. 
Crista  spiralis,  126. 
Cruor,  20,  58. 
Cruorin,  59. 
Crura  cerebri,  106. 
Crystalline  lens,  120,  130,  133. 
Curvatures  of  stomach,  41. 
Cuticle  of  hair,  1G2. 
Cystic  duct,  43. 
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Death,  27. 
Decomjiosition,  31. 
Deglutition,  40. 
Dentinal  tubules,  167. 
Dentine,  167. 
Dermis,  92. 
Diastole,  68. 
Diapliragm,  16,  81. 
Digestion,  26,  37. 

Digits,  11.  ,       ,.  ,„ 

Duct,  91;   cystic,  48;   hepatic,  48; 

lachrymal,  140  ;     thoracic,  ti; 

pancreatic,  61. 
Duodenum,  17,  41. 

Ear,  The,  120. 
Emulsion,  50. 
Enamel,  38,  167. 
Endocardium,  66. 
Bndolymph,  123,  127. 
Endosmosis,  53. 
Epidei-mis,  2,  92,  161. 

Epiglottis,  41.  .,.  ,„i    ICO  . 

Epithelium,  158  ;  ciliated,  159, 
cylindrical,  169;  globular,  160  ; 
squamous,  158. 

Ethmoid  bone,  8.  • 

Eustachian  tube,  122. 

Exosmosis,  63. 

Expiration,  81. 

Extensor  muscles,  15J. 

Eyeball,  128. 

Eyehds,  139. 

Fats,  30. 
Fauces,  39. 
Features,  3 
Femur,  11. 
Fenestra  ovaUs,  122. 
Fibrin,  29. 
Fibrinoplastin,  56. 

Fibrinogen,  56. 

Fibres  o£  Corti,  126,  127. 

Fibula,  12. 

Pilum  terminale,  20. 

Fissures  o£  spinal  cord,  99;  or 
brain,  105. 

Plexor  muscles,  122. 

Floating  ribs,  0. 

Fluid,  pancreatic,  90  ;  synovial,  30. 
Polhcles,  46 ;  gastric,  91 ;  Meibonuan, 
91. 

Food,  33.  „ 
Foramen  magnum,  8  ;  ol  Munro, 

107. 

Fovea  centraUs,  131. 
Frontal  bone,  8.     _   ^  , ,  , 
Functions,  the,  2,  27;  table  of,  23. 

Ganglionic  corpuscles,  100, 171. 
Gall  bladdci-,  IS,  'iS. 
Gastric  follicles,  90;  juice,  43. 
Gelatin,  30. 


Glands,  buccal,  39  j  Brunner  s,  46 
gastric,  42,  170;  lachrymal,  140 
Lieberkiihn's,  46;  lenticular,  46, 
mesenteric,  75;  Meibomian,  1-iO, 
170;  mucous  ,42  ;  parotid,  39,  54 
peptic,  43  ;  Peyer's,  46  ;  pinral 
107  ;  racemose,  91 ;  sahvary,  39 
sebaceous,  93  ;  secretory,  90 
Bubmaxillary,  39  ;  sublingual,  39 
sudoriparous,  91  ;    thymus,  91 , 
thyroid,  91 ;  tubular,  00  ;  vascular, 
91. 

Glenoid  ca\'ity,  8. 
Globulin,  29. 

GlosBO-pharyngeal  nerves,  110. 
Glucose,  31,  49,  50 
Granular  layers  of  retma,  lii. 
Gyri  of  brain,  105. 

Hsematin,  59. 
Hfemoglobin,  29,  59. 
Hairs,  94,  161. 

Haversian  canals,  16o ;  system,  Ibo. 
Heat  producers,  34. 
Heart,  13,  65. 

Hepatic  artery,  47;  cells,  47  ;  duct, 

18 ;  vein,  47. 
Hiccough,  81. 
Hilus,  94. 
Humerus,  10. 

Humour,  aciueous,  129;  vitreous, 

129 
Hyoid,  10. 

Ileo-CEecal  valve,  45. 
Dium,  7,  44. 
Incisors,  38. 
Inferior  turbinal,  10. 
Inorganic  food-stuffs,  34. 
Insalivation,  40. 
Insensible  perspiration,  93. 
Incus,  122.  ,  ^„ 

Interlobular  vessels,  48. 
Intestines,  17,  44. 
Intestinal  digestion,  51. 
Intercostal  muscles,  79,  80,  8G. 
Intervertebral  foramina,  99. 
Intralobular  vein,  48. 
Ii-is,  129,  135. 
Iron,  32. 
Ischium,  7. 

Joiunum,  4i. 
Jo'mts,  149. 
Jugal  bone,  9. 
Jugular  vein,  74. 
Juice,  pancreatic,  52. 

Kidneys,  18,  25,  94,  170. 
Keratin,  30. 

Labyrinth,  122;  houy,  123;  moni- 

branous,  123. 
Lachrymal  bone,  10. 
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Lacteals,  75. 
Lacteal  vessels,  io. 
Lactic  acid,  31. 
Lactin,  31. 

LacunjB  of  bone,  165. 
Lamina  spii-aUs,  125. 
Laiynx,  77,  153. 
Layers  of  retina,  131. 
Lenticular  glands,  4tj. 
Levers,  147. 

Lieberkiihn's  glands,  46. 
Ligaments,  13;  lateral  of  liver  47. 
Ligamentiim  teres,  151 ;  nuchas',  163 
^^e,^  phosphate  of,  31;  carbonate 

Limitary  membranes  of  retina,  132 

Liquor  sanguinis,  55. 

Liver,  18,  46.  169. 

Lobes,  18,  47,  105. 

Lobules,  47. 

Lumbar  vertebra,  5. 

Lvmgs,  16,  77,  94. 

Lymph,  75. 

Lymphatics,  73. 

Lymphatic  glands,  74. 

Macula  lutea,  131,  136. 

Malar  bone,  9. 

Malleus,  122. 

Margarin,  31. 

Mastication,  40. 

Maxillaries,  9,  10,  110. 

Meatus,  auditory,  121. 

^^nl^'ln,?^  bone.  164;  oblongata,  82, 

Membrana  taotoria,  126. 

Membranes,  basilar,  125 ;  limitary, 
133 ;  mucous,  3,  90 ;  of  Reissner 
125;  synovial,  90;  tympanic,  121 

Mesentery,  18.  ^    i       ,  . 

Metacarpus,  11. 

Metatarsus,  12. 

Milk,  35. 

Mitral  valve,  67. 

Molars,  38. 

Molecular  layer  of  retina,  131 
Mouth,  37. 
Muons,  3. 

Muscles,  3,  145;  ai^tenoid,  154- 
cnco-arytonoid,  154;  intercostal! 
80  ;  obhque,  141;  of  the  eyeball, 
141 ;  striped,  147, 167;  thyro-aryte- 
noid,  154;  unstriped,  146,  169. 

Muscular  coat  of  intestine,  45 

Myosin,  29,  146. 

Nails,  94,  161. 
Nares,  40. 

Nasal  bones,  9  j  chambers,  118 
Nerve  fibres,  170. 

Nerves,  16,  98, 115,  lis,  119;  afTerent, 
98;  auditory,  UO,  126;  cerebral, 
109;    cerebro-spinal,    99,    in  ; 


eflftji-ent,  98;  false,  111;'  glosso- 
pharyngeal, 110;  hypoglossal.  111; 
motor,  100;  olfactory,  109;  optic, 
110,  136;  pneumogastric,  68,  110; 
sensory,  100;  spinal,  100;  spinal 
accessory.  111;  sympathetic,  72, 
98;  true.  111 ;  vaso-motor,  112. 

Nervous  system,  26. 

Neural  arch,  6;  canal,  0, 19 ;  spine,  6 

Nitrogenized  substances,  2a. 

Nucleoli,  158. 

Occipital  bone,  8 ;  foramen,  152. 
Odontoid  process,  151. 
CEsophagus,  16,  41. 
Oleiu,  31. 

Olecranon  process,  150. 
Olfactory  cells,  118  ;  nerves,  109. 
Optic  nerve,  139;  thalamus,  110. 
Organs,  1. 

Os  innomiuatum,  7;  orbiculare  122. 

Osmosis,  54. 

Osseous,  2. 

Otoconia,  123. 

Otolithes,  123,  127. 

Oa.idation,  87. 

Palate,  37. 
Palatines,  10. 
Pallor,  71. 
Palpebra;,  139. 
Palpitation,  69. 
Pancreas,  18,  50. 
Pancreatic  juice,  52. 
Pancreatin,  51. 
PapillEB,  116. 
Paraglobulin,  56. 
Parietals,  8. 
Parotid  gland,  64. 
Pars  petrosa,  120. 
PateUa,  12. 

Pelvis,  6;  of  Iddnov,  91 

Pepsin,  30. 

Peptone,  44. 

Pericardial  fluid,  15. 

Pericardium,  15,  66. 

Perilymph,  123. 

Periosteum,  166. 

Peritoneum,  ly,  or. 
Peristaltic  movemuuty  45 
Petrosal,  120. 
Peyer's  glands,  40. 
Phalanges,  11. 
Pbarynx,  16,  40. 
Phosphates,  31,  32. 
Pia  mater,  20  ' 
Pineal  gland,' 107 
Pinna,  120,  121. 
Pituitary  body,  107 
Plasma,  5.5,  5s. 
Pleura,  16. 

Pneumogastric  nervp  C-t 
Pons  Varolii,  lou.      '  '"  ■ 
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Tortio  tluia,  mollis,  110. 
Posterior  iiares,  40. 
Processus  gracilis,  122. 
Protoids,  20,  34. 
Protoplasm,  1S8. 
Proximate  principles,  28. 
Ptyalin,  30. 
Pubis,  7. 

Pulmonary  artery,  etc.,  15,  U5. 
Pulse,  71. 

Punctum  lachrymale,  140. 
Pupil,  129. 
Pyloric,  16. 
Pylorus,  42. 

Pyramids  of  kidney,  94;  of  medulla 
oblongata,  106. 

Radius,  11. 

Rectum,  18,  48,  111. 

Reflex  nervous  action,  82,  103 

Respiration,  77. 

Retina,  128, 130,  173. 

Ribs,  6. 

Rods  and  cones,  131, 135. 

Sacculi,  46. 
Sacrum,  6. 
Sarcolemma,  1C8. 

Salivary  glands,  39  ;  membranes,  90. 

Scala  media,  etc.,  125. 

Scapulte,  8. 

Sclerotic,  112. 

Secretion,  89. 

Semilunar  valves,  68. 

Senses,  113. 

Sensory  organs,  113. 

Serous  membranes,  00. 

Serum,  66. 

Sighing,  81. 

Sight,  128. 

Skeleton  6. 

Skin,  92. 

Skull,  8. 

Smell,  118. 

Sneezing,  82. 

Sniffing,  82,  110, 

Speech,  156. 

Sphenoid  bone,  8. 

Sphincter,  42,  46. 

Spinal  cord,  19,  99,  102;  column,  19. 
Spleen,  18,  91. 
.Squamosal  bone,  9. 
.Stapedius  muscle,  123. 
Stapes,  122. 
Stearin,  31. 
Sternum,  6. 
Stomach,  16,  41. 
Structure,  2. 
Sulci  of  brain,  105. 
Supplemental  air,  83. 
Suprarenal  capsules,  91. 
Suspensory  ligament,  130, 


Sutures,  13. 
Sweetl)read,  50. 

Sympathetic  nervous   syttem,  16. 

69,  111. 
Synovia,  150. 

Synovial  capsules,  90, 150 ;  fluid,  90 ; 

membranes,  00. 
Syntonin,  20. 

System,  lymphatic,  73  ;  nervous,  9  '. 
Systemic  arteries,  etc.,  64. 

Table  of  chemical  elements  of  tlic 
human  Ijody,  32  ;  food-stuffs,  35, 
50. 

Tactile  corpuscles,  94,  114. 
Tarsus,  12. 

Taste,  115 ;  goblets,  118. 

Teeth,  38,  166. 

Temperature,  37. 

Temporal  bone,  9, 120. 

Tendons,  3. 

Thoracic  vertebree,  5. 

Thorax,  3,  13,  80. 

Thyro-arytenoid  muscle,  154. 

Tibia,  12. 

Tidal  ail-,  82. 

Tissues,  2,  163,  170. 

Tongue,  116. 

Tonsils,  40. 

Touch,  114. 

Trachea,  16, 77,  151. 

Transverse  process,  C. 

Tricuspid  valve,  67. 

Tubes,  bronchial,  78.  [122. 

Tympani,  membrana,  121 ;  tensor, 

Tympanum,  121. 

Ulna,  11. 
Ureter,  18,  94. 
Urethra,  97. 
Uvula,  37. 

Valve,  Eustachian,  68 ;  mitral,  67  ; 

tricuspid,  67. 
Valves  of  the  veins,  68  ;  semilunar, 

68. 

Vaso-motor  centres,  etc.,  112. 

Veins,  hepatic,  47 ;  intralobular,  48 ; 
jugular,  74 ;  portal, 47 ;  pulmonary, 
15 ;  splenic,  91 ;  subclavian,  74. 

Vena  cava,  15,  18. 

Venous  blood,  47. 

Ventricles,  15,  66,  106. 

Vermiform  appendix,  46. 

Vertebra,  5. 

Vertebral  column,  5. 

Vessels,  interlobular,  48. 

Vestibule,  123. 

VilU,  45. 

Vitreous  humour,  129. 
Vocal  chords,  145. 
Voice,  The,  156. 
Vomer,  10. 


MURBY'S  SCRIPTURE  MANUALS. 

intended  to  supply,  in  a  compact  form,  tho  requiremoiits  of  Students  getting  up 
suvoi  al  books  of  the  Bible  for  cxamiuutiona. 

OLD  TESTAMENT  HISTORY.— Genesis,  6d. ;  ExodUB,  Od.  ;  Joshua  and  Judges  (in 
vol.),  9d. ;  First  Book  of  Samuel,  Second  I3ook  of  Samuel,  First  iJuok  of  Kings,  Second  Bool 
Kings,  (Jd.  each  ;  Ezra,  Ncbemiah,  and  Esther  (in  one),  (id. ;  Numbers,  Bd. 

N  KW  TESTAMENT  IIISTOKY.— Gospels  of  St.  Matthew,  St.  Mark,  St.  Luke,  St.  Jo 
fid.  each  ;  Acts  of  Apostles,  M. 

THE  BOOK  OF  COMMON  PRAYER.  A  Manual  Historioa!  and  Explanator)-.  By  J, 
GiiiKKiTiis.  LLi.D.    Prioe  In.,  lU4pp, 

THE  CHURCH  CATECHISM  EXPLAINED  AND  ILLUSTRATED,  AND  ITS  TUUT 
ENFORCED  BY  SCRIPTURE  REFERENCES.  By  William  Maiiioold,  Master  of  I 
I'airford  Endowed  Scliools;  revised  by  the  Rev.  John  Hoi-tos,  M.A.,  Prebendary  of  Horeft 
Cathedral,  and  Vicar  of  Canon  Frome.   id.  sewed  ;  ild  cloth. 

ENGLISH  HISTORY. 

ANALYSIS  OF  ENGLISH  HISTORY'.  A  Text  Book  for  Colleges  and  Schools.  By 
C.  Pkahck,  and  S.  Uiors,  XjL.B.   New  Edition.   Price  la.  sewed.  Is.  Od.  cloth;  or  with  t 
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JNIOR  HISTORY  OF  ENGLAND.   A  Reading  Book  and  Text  Book 
use  in  Schools.    Price  Is. 

THE  SCHOLAR'S  HOME  LESSON  BOOK  OF  ENGLISH  HISTORY.  A  i,ondens 
Epitome  of  English  History,  chronologically  aiTanged,  and  subdivided  mto  dxiily  leshoi 
By  W.  C.  Pkauok,  joint  author  of  "  Tho  Analvsis  of  Euglish  History."  (Jfipp.,  price  Od. 

THE  CHRONOLOGICAL  HISTORY  OF  ENGLAND.    With  copious  Notes,  for  use 
yohooLs.    By  Locis  B.  AjnuuAiis,  B.A.    3Bpp.,  sewed,  4d. ;  cloth,  Od. 

GEOGRAPHY. 

ilLEMENTAHY'  GEOGRAPHY  FOR  SCHOOLS.  A  First  Book  of  PoUtical,  Coi 
mercial,  and  Historical  Geography.  By  A.  H.  Dies,  D.Sc.  (Edin.),  M.A.,  LL.B.  (Lond 
F.R.G..S.  Pvico  Is.  (id. ;  Cheap  Edition,  Is. 

MURBY'S  GEOGRAPHY  AND  ATLAS,  consisting  of  the  above  work,  and  a  Selection 
Sixteen  bc,autifully  engraved  .and  coloured  Maps  (size  (iin.  bv  TJin.).    Is.  9d.,  cloth  bo.ards. 

THK  SCHOLAR'S  HOME  LUSSON  BOOK  OF  GEOGRAPHY.    By  W.  C.  PtAKC 
Adapted  for  the  use  of  Scholars  in  the  4th,  5th.  and  Bth  Standards.   Od.  cloth. 

MURBY'S  COUNTY  GE0GRAPH1E.S.   With  Maps  that  pupils  can  copy.   The  fulle  j 
and  best  arranged  of  any  yet  issued.    Now  ready,  Midalese.K,  Lancashire,  Y'orlcshire,  Norfol 
Staffordshire,  Surrey,  Devon,  Kent,  Glamorgan,  Lincoln,  Nottinguaui,  Warmck.   Price  ' 
in  stiff  wrappers. 

LATIN. 

THE  POETICAL  LATIN  READER.  Selections  fl-om  Ovid,  with  Notes  and  Vocabular 
By  C.  BiLTON,  B.A.    Price  lis.  (id. 

AN  EASY  ELEMENTARY  COURSE  OF  LATIN.  Being  a  series  of  works  of  a  progr 
slve  character,  and  in  bold  typo,  for  simplifying  and  expediting  instnicuon  in  Latin.  3 
William  Uonus.  Revised  by  J.  R.  MontLL,  formerly  one  of  li.M.'s  Inspec!  ,rs  of  Schoi) 
Book  I.— Contains  the  declensions  of  nouns  iind  the  prepositions.  Book  11.— Thj  adjective  ai 
pronoun.  Book  III.— The  conjugations  of  verbs.  Book  IV.— Irregular  verbs  and  indecliuab 
parts  of  speech.    Price  (id.  each  part ;  or  complete,  cloth,  :is. 

REGISTERS. 

THE  EXCELSIOR  CLASS  REGISTER.  Prepared  for  large  Town  and  Board  School 
By  H.M.'s  Assistant  Inspector  of  Schools.    Fifty-eight  Names  lor  One  Year.   Price  Ud. 

ATTENDANCE  REGISTER.    Kighty  Names  for  One  Y'ear.   Price  9d. 

REGISTER  CARL)  OF  ATTENUA.NCE  AND  PROGRESS.    Price  Id. 

THE  Tl'^EASURER'S  CASH  BOOK.  Price  (oO  leaves),  4s.  and  Os.  Od. ;  (100  leaves), 
and  7s.  Cd. 

DRAWING. 

GEOMETRICAL  DRAWING  TEST  PAPEliS.  For  preparing  Pupils  to  pass  the  Goverr 
ment  Examinationi;  in  Elementary  Drawing.  By  William  Siiiru,  Head  Master,  Orphan  W  orl 
ing  School,  Haverstock-hill.  Giiadb  I.— Tho  Set  contains  foin-  Sheets,  or  Seventy-two  Test: 
Sold  in  Pai'kets  of  Twenty  Sots  (liighty  Papers),  at  as.,  or  in  Books,  of  Two  Sets  each,  at  4s.  pc 
dozen.  Grauk  li.— The  Set  contains  Six  Sheets,  or  Seventy-eight  Tests.  Sold  m  Packets 
Twelve  Sets  Seventy -two  Sheets!,  at  3s.  ;  or  in  Books  of  One  Set  e.ach,  at  4s.  per  dozen. 

MURBY'S  F'REE  HAND  EXAMPLES,  Designed  by  W.  A.  Smith,  Certificated  Master  < 
the  Department  of  Science  and  Art.  ;;4  designs,  size  loin,  by  lOin.  To  be  copied  by  a  whol 
class  simultaneously.   Price  lis.  per  set,  plain ;  or  5s.  ou  cards  and  with  rings. 
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MURBY'S  SCIENCE  AND  ART  SERIES. 

Edited  by  Svdnkt  a.  J.  Skektciilt,  F.G.S.,  H.M.'a  Geological  Survoy.   Is.  and  Is.  Od. 
PHYSICAL  GEOGRAPHY.    By  tho  Kuirou.   Is.  iind  Is.  Ud. 
GEOLOGY.    By  the  Editob.    Is,  and  Is.  (id. 

BOTANY,  Structural  and  Physiological.    By  Alfheu  Guuobon.    Is.  and  Is.  Cd. 

CRYSTALLOGRAPPIY,  with  Coloured  Diagrams,  from  which  handsoino  Models  of  tho 
rincipal  crystals  may  be  readily  constructed.  By  James  B.  Joiujan,  of  tho  Musoum  of  Practical 
.  eologv.    Is.  and  Is.  (id. 

NAtURAL  PHILOSOPHY.— Part  I.— Mechanics.    Is.  and  Is.  Cd. 

NATURAL  PHILOSOPHY.— Parts  II.  and  III.— Hidrostatics,  Htdbacuos,  and  PNEp-| 
I'ATics.   Is.  and  Is.  Cd. 

INORGANIC  CHEMISTRY.  By  R.  Meldola,  F.C.S.,  Royal  College  of  Chemistry  and 
oience  Examining  Schools,  South  Kensington.   Non-Metallic  Elements,  Is.  and  Is.  (id. 

INORGANIC  CHEMISTRY.  The  above  volume  with  tho  addition  of  the  Metallic  Elements 
id  Chapters  on  Analysis,  Is.  (id.  and  2s. 

3IINER.AL0GICAL  TABLES,  describing  the  Physical  and  Cliemical  Properties  of  all  the 
iportant  Minerals.    By  F.  Noel  Jewesbukt,  B.A.,  Caius  College,  Cambridge.        and  Is.  Od. 

MINERALOGY.   By  F.  Rutley,  F.G.S.,  H.M.'s  Geological  Survey.  Is.  fid.  and  2s 

PROJECTION,  OR  PRACTICAL  SOLID  GEOMETRY.  By  J.  PAr.-<E,  of  the  School  of 
.jienco.  Charterhouse.    Ls.  (id.  and  2s.  „ 

ANIMAL  PHYSIOLOGY.  By  E.  T.  Nkwios,  Assistant  Naturalist  H.M.'s  Geo.  Surve?. 

HEAT,  LIGHT,  AND  SOUND. 
;  ELECTRICITY  AND  MAGNETISM. 

MURBY'S  NEW  SCHOOL  WALL  MAPS. 

rPhoto-Lithographed  from  Reliefs,  and  presenting  all  the  appearance  of  Raised  Surfeces. 
Edited  by  Svdnev  J.  B.  SsERTCiiLr,  F.(j.S.,  H.M.'s  (jeological  Survey. 
Prize  Medal  Vienna  Exhibition.   The  following  are  now  ready  :— 

EUROPE.- PhvsicalorPoliticalaudPhy.sical,  Cuin.  by6lin  each  £110 

(.CENTRAL  EUROPE.— Physical  or  Political  and  Physical,  coin,  by  671n..     „  110 

ASIA. —Physical  or  Political,  Coin,  by  57in                                                „  110 

."AFaiCA.-Physical  or  Political  and  Physical,  52in.  by  44in                          „  0  16  0 

>NORTH  AMERICA.— Physical  or  Political  and  Physical,  «in.  by  40in.  ..     „  0  l(i  0 

SSOUTH  AMERICA.— Physical  or  Political  and  Phvsical,  42in.  by  30in.  ..     „  0  12  0 

iTALESTINE.— Physical  or  Political  and  Physical,  S4in.  by  aoin.    '..      ..     „  0  18  0 

ITHE  WORLD  IN  HEMISPHERES.— Physical,  Mm.  by  olin                      „  1  lu  u 

;THE  HEMISPHERES.— Separate,  4Sin.  by  o4in                         ..       ..      „  0  10  0 

iBhITlSfl  ISLANDS.- Physical,  coin.  by4oin.       ..      ..    110 

MURBY'S  NATURAL  HISTORY  WALL  SHEETS. 

Adopted  by  the  London  School  Board. 
SA  SERIES  OF  PICTORIAL  DIAGRAMS  AND  NATURAL  SPECIMENS,  illustrativo  d 
'.man  Physiology,  Zoology,  Botany,  Geology,  and  Mineralogy.   By  A.  Boccard,  Naturalist, 
■responding  Member  of  the  Zoological  Society  of  London,  de  la  Commission  Sciontifiqu© 
'  Mexiqud  4  Paris,  &c.,  &c. ;  assisted  by  several  eminent  Professors. 

riie  Series  contains  Twenty  Sheets,  I8in.  by  24in.,  comprising  100  Diagrams  of  Animals  and 
nts,  life  size,  beautifully  printed  in  colours,  and  37  Natural  Specimens  of  Woods  and 
lerals ;  neatly  mounted  on  very  stout  cardboard,  with  rings  for  h;uiging  on  the  wall. 


.JiET  1.—JIan.— Respiration,  Circulation  of 
the  Blood,  Digestion. 

2.  — Man. — Organs  of  tho  Senses. 

3.  — ^Vkrtedrates. — Mammals,  Dental 
System,  Insect  Feeders. 

4.  — Vertkbrates. — Birds. 

5.  — -Vertebrates. — Reptiles,  Fish. 

6.  — Articulates. — Useful,  Au.xiliary, 
and  Injurious  Insects. 

7.  — Articulates. — Crustacea,  Intes- 
tinal Worms,  Annolides,  Mollusca, 
Radiates  (Zoophytes). 

8.  — Plants. — Woods  (Natural  Speci- 
mens). 

9.  — Plants.— Loaves,  Flowora. 

10.  — Plants.— Fruits  and  Seeds,  Ger- 
W  mination. 

11.  — Plants, Dico(!/I«rfoi!j.— Composite 
Tribe. 


SHEET  12.— Plants,  Dicotyledons.— hesmai- 
noui  Tribe. 

13.  — Plants,  Dicotyledons.  —  Umbelli- 
ferous and  Solanaceous  Tribo.s. 

14.  — Plants,  Z)ico<.i/iedons.-01ive,Rose 
Cruciferous  antJ  Vino  Tribes. 

15.  — Plants,  Dicotyledons.  —  Nettle, 
Mallow,  and  Flax  Ti  ibes. 

10. — Plants,  Dicotyledons. -Oomietoxia 
and  Cupuliferous  Tribes. 

17.  — Plants,  Monocotyledons.— Grass 
and  Lily  Tribes. 

18.  —  Plants,  Acotvledons.  — Fern, 
Mashroom,  Moss,  Lichen,  and  Sea- 
weed Tribes. 

19.  — Geoloot. — Study  of  tho  formation 
of  the  earth,  Fossils. 

20.  — MiNERALoov. — Mineralsemploycd 
in  the  Arts  (Natural  Specimen.s). 


-'"  =  Sot  complete,  with  Handbook,  in  a  strong  box,  423. ;  Handbook  separate,  4s.  paper ;  4.S.  Od.  ol. 
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